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FIG. 2 
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FIG. 3 
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FIG. 5 

ATGCGACCCTCTGGGAGAAAATCCAGCAAGAT6C»AGCCTTCXG»ATCT0G<»TSTTAAC 
1 + + + + ^_ go 

MnRP SGRKSSK MQAFRIWDVN 

CAGAACaiCX:TTCTATCTGAGG3UVCAACCaACTA6TTGCTGGATACTTGC»AGGACCAAAT 
61 + + + + ^ _ 

QKT FYLRNNQLVAGYLQGPN 

121 ^^^^^^^°^°|^f^TAGATGTGGTAC^ 

VN L E E K I DVVP I E PHA L FLG 

ATCCATGGAGCGAAGTGTGCCTGTCCTGTGTCAA6TCTGGT6ATGAGACCAGACTCCA6 

181 + +— + +- + +— 240 

IH6GKMCLSCVKSGDETRLQ 

CTGGAGGCAGTTAACATCACTGACCTGAGCGRGAACAGAAAGCAGGACAAGCOCTTCGCC 
241 + + + +_„ 

LEAVNI TOLSE NRK QDKRFA 

TTCATCCGCTCAGACAGTGGCCCCACCACCAGTTTTGAGTCTGCCGCCTGCCCCGCTTGG 
301 +- + + + 

P I R S D S G P T T S P B S A A C P G H 

TTCCTCTGCACAGCGATGGAAGCTGACCAGCCC6TCAGCCXCACCAATAXGCCTGACGAA 
361 + + + ^ 420 

PLC TAMBADQPV SIiTNMPDE 

GGCGTCATGGTCACCAAATTCTACTTCCAGGAGGACGAGTAG 
421 + + + + ^ 

GV MV TKFTFQEDE* 
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FIG. 11A 

ATGGCTGCAGCTGAACCAAAATCTTCCGaCAAAACTCACACATGCCCACCGTGCCCAGCA 



M A A A E P K S S D K T H T C 
CCTGAACTCCTGGGGGCSACCGTCAGTCTTCCTCTTCCCCt 




L PPPKPKDT 



ATGATCTCCCGGACCCCTGAGGTCACAT6CGTGGTGGTGGACGTGAGCCACGAAGACCCT 
121 _.—-+—.-_.>.+ + + ^ 

Ml SRTPEVTC VVVDVSHEDP 
GAGGTCAAGTTCAACTGCTACGTGGACQQCGTGG&GGTGCATAATGCCaASRCAAAGCCO 



EVKFNWyVDGVBVHNAKTKP 

CGGGA6GAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 

241 +— + + +- 300 

REEQYNSTyRVVSVLTVLHQ 

GACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCC 



lEKTZSKA RGQPREPQVYTX. 
CCCCCATCCC6GGAT6A6CT6ACCAA6AACCAG6TCAGCCTGACCT6CCT06TCAAA66C 



PPSRDELTKNQVSI.TCL VKG 

TTCXATCCCAGC6ACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTAC 
481 + + — + + + _ + 

FYPSDIAVEWESNGQPENNY 

AAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACC 
541 +- + + + + 

KTTPPVLDSDQS PFLYSKLT 

GTGGaCAAGAGCAGGTGGCAGt»GGGGAACGTCTTCTCATOCTCCGTGATGCaiTGAGGCT 

601 + + + + figo 

VDKSRWQQGNVFSCSVMHEA 

CTQCACAACCACTACACGCA6AAGAGCCTCTCGCTCA6CCCGGGTAAAATGCGACCGTCC 



LH NHYTQ KSLSLSPGKMRPS 
GGCCGTAAGAGCTCCAAAATGCAGGCTTTCC6TATCTGGGACGTTAACCA6AAAACCTTC 
GRKSSKMQAPRIW DVNQKTP 
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FIG. 11B 



.oj. T 1- + + + + 840 

Y L RN N Q LVAG Y L Q G PNVN L E 

841 - + + + 

EKIDVVPIEPH ALFLGIHGG 

AAAATGTGCCTGAGCTGCGTGAAATCTGGTGACGAftACTCGTCTGCAGCTGGAAGCAGTT 
901 + + + + + + ggo. 

KMCLSCVKS GDETRLQLEAV 

AACATCACTGACCTGAGCGAAAACCGCaAACAGGACAAACGTTTCGCATTCaVTCCGCTCT 
961 + + + + . + ^. ^020 

NITDLSENR KQDKRP AFIRS 

1021 + + + ^ _^_„ 1080 

DSGPTTSPESAACP6WFLCT 

GCTATGGAAGCTGACCA6CCG6TAAGCCTGACCAACAT6CC66AC6AAGGCGTGATGGTA 

1081 + + + + + + 1140 

A M E A D Q P V S L T N M P D E 6 V M V 

ACCAAATTCTACTTCCA6GAAGAC6AAIAA 

361 1141 + + +—+ 1170 

TKFYFQEDE* 
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FIG. 12A 

AT6CGACCTCC66CC6TAAGA6CTCCJUUUiT6CAG(KrrTTCCGTATCTG6GAC6TTiU^^ 
, + + + + + + go 

MRPS6RKSSKMQAFRZWDVN 

61 +— + + + + +___ 

QKTFYLRNNQ LVAG7LQGPN 

GTTAACCT6GAAGAAAAAATCGACGTT6TACCGATCGAACC6CAC6CTCT6TTCCTG66T 

121 + + -+ _+ + + 180 

VNLEEKIDVVPIEP HAL PLG 

ATCCACGGTGGTAAAATGTGCCTGAGCTGCGTGAAATCTGGTGACGAAACTCGTCTGCAG 

181 + +_- + + + 240 

I H G G KM C L S CVK S GD E T R L Q 

241 300 

LEAVNI TDLSEMRKQDKRFA 

301 + + + + -+ , + 360 

FXRSDS6PTTSF ESAACPGW 

TTCCT6T6CACTGCTATGGAAGCTGACCAGCCG6TAAGCCTGACCAACAT6CCGGACGAA 

361 + +— +- + + +— 420 

FLCTAMEADQPVSLTNMPDE 

GGC6TGAT6GTAACCAAATTCTACTTCCA6GAAGACGAAGCTGCAGCTGAACCAAAATCT 

421 + + . + + + +___ 480 

GVMVTKFYPQEDBAAABPK S 

TCCGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCGTCA 

481 + + -+ + + + 540 

SDRTHTCPPCPAPBLL66PS 

GTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCC6GACCCCTGA66TC 
541 + _ + + + + + goo 

VPLFPPKPKDTLMISRTPEV 

ACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTG 
601 + + _-+ + + +___ ggo 

TCVVVDVSHiEDPEVKPNWYV 

661 + + + . + +_ — 720 

D GVEV HNAK TKP REEQYNS T 
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FIG. 12B 



YRVV SVLTVliHQDWLNGKEY 

AAGTGCAAGGTCTCCAAC;VAAGCCCTCCC»GCCCCCATCGAGAAAACCATCTCCAAAGCC 
781 + + + * ^ 



841 



KCKVS MKALPAPIEKTISI 
AAAGGGCAGCCCCGAGaUVCCACAOGTOTACACCCTGCCCCCATCCCGGGATGAGCTGACC 

KGQPREPQVYTLPPSRDELT 



900 



AAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTG 
901 + + + + _„+ 

KNQV S LTCL VK6PYPSD lAV 

GA6TGGGAGAGCAATGGGCAGCC6GAGAACAACTACAAGACCAC6CCTCCCGTGCT6GAC 

961 + + + + + + 1020 

EWESN6QP ENNYKTTPPVLD 



S D 6 S F F L Y SKLTVDKSRWQQ 

GGGAACGTCTTCTCATGCTCCGTGTGCATGAGGCTCTGCACftACCACTACACGCAGAAG 

1081 + + + + + +— 1140 

GNVFSCSVMHEALHNHYTQK 

AGCCTCTCGCTCA6CCCGGGTAAATAA 
1141 + + . 

SLSLS P GK* 
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COMPOSITION AND METHOD FOR 
TREATING INFLAMMATORY DISEASES 

This application claims priority of provisional applica- 
tion Ser. No. 60/055,185, filed Aug. 8. 1997. 

HELD OF THE INVENTION 
The present invention relates to the fleld af inllanimation. 
More specifically, the present invention relates to a compo- 
sition for the purpose of preventing or treating inflammatory 
diseases. 

BACKGROUND OF THE INVENTION 
Inflammation is the body's defense reaction to injuries 
such as those caused by mechanical damage, infection or 
antigenic stimulation. An inflammatory reaction may be 
expressed pathologically when inflammation is induced by 
an inappropriate stimulus such as an autoantigen, is 
expressed in an exaggerated manner or persists well after the 
removal of the injurious agents. 

While the etiology of inflammation is poorly tmderstood, 
considerable information has recently been gained regarding 
the molecular aspects of inflammation. This research has led 
to identification of certain cytokines which are believed to 
figure prominently in the mediation of inflammation. Cytok- 
ines are extracellular proteins that modify the behavior of 
cells, particularly those cells that are in the immediate area 
of cytokine synthesis and release, lnterleukin-1 (IL-1) is one 
of the most potent inflammatory cytokines yet discovered 
and a cytokine which is thought to be a key mediator in 
many diseases and medical conditions, termed 
"interleukin-l mediated diseases". IL-1, which is manufac- 
tured (though not exclusively) by cells of the macrophage/ 
monocyte lineage, may be produced in. two forms: IL-1 
alpha (IL-la) and IL-1 beta (IL-ip). 

A disease or medical condition is considered to be an 
"interleukin-l mediated disease" if the spontaneous or 
experimental disease or medical condition is associated with 
elevated levels of IL-1 in bodily fluids or tis.sue or if cells or 
tissues taken from the body produce elevated levels of IL-1 
in culture. In many cases, such interleukin-l mediated 
diseases are also recognized by the following additional two 
conditions: (1> pathological findings associated with the 
disease or medical condition can be mimicked experimen- 
tally in animals by the administration of IL-1; and <2) the 
pathology induced in experimental animal models of the 
disease or medical condition can be inhibited or abolished 
by treatinent with agents which inhibit the action of IL-1. In 
most interleukin-l mediated diseases at least two of the three 
conditions are met, and in many interleukin-l mediated 
diseases all three conditions are met. A non-exclusive list of 
acute and chronic interleukin-l (IL-l)-medial6d inflamma- 
tory diseases includes but is not limited to the following: 
acute pancreatitis; ALS; Alzheimer's disease; cachexia/ 
anorexia; asthma; atherosclerosis; chronic fatigue 
syndrome, fever; diabetes (e.g., insuUn diabetes); glomeru- 
lonephritis; graft versus host rejection; hemoborragic shock; 
hyperalgesia, inflammatory bowel disease; inflammatory 
conditions of a joint, including osteoarthritis, psoriatic 
arthritis and rheumatoid arthritis; ischemic injury, includmg 
cerebral ischemia (e.g., bram injury as a result of trauma. 
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epilepsy, hemorrhage or stroke, each of which may lead to 
neurodegeneration); lung diseases (e.g., ARDS); multiple 
myeloma; multiple sclerosis; myelogenous (e.g., AML and 
CML) and other leukemias; myopathies (e.g., muscle pro- 
lein metabolism, esp. in .sepsis); o.steoporosis; Parkinson's 
disease; pain; pre-term labor; psoriasis; reperfusion injury; 
septic shock; side efi'ects from radiation therapy, temporal 
mandibular joint disease, tumor metastasis; or an inflamma- 
tory condition resulting from strain, sprain, cartilage 
damage, trauma, orthopedic surgery, infection or other dis- 
ease processes. 

Inflammatory conditions of a joint are chronic joint dis- 
eases that afiOict and disable, to varying degrees, millions of 

i5 people woridwide. Rheumatoid arthritis is a disease of 
articular joints in which the cartilage and bone are slowly 
eroded away by a proliferative, invasive connective tissue 
called pannus, which is derived from the synovial mem- 
brane. The disease may involve peri-articular structures such 
as bursae, tendon sheaths and tendons as well as extra- 
articular tissues such as the subcutis, cardiovascular system, 
lungs, spleen, lymph nodes, skeletal muscles, nervous sys- 
tem (central and peripheral) and eyes (Silberberg (1985), 

25 Anderson's Pathology, Kissane (ed ), 11:1828). Osteoarthri- 
tis is a common joint disease characterized by degenerative 
changes in articular cartilage and reactive proliferation of 
bone and cartilage around the joint. Osteoarthritis is a 

^ cell-mediated active proces.s that may result from the inap- 
propriate response of chondrocytes to catabolie and anabolic 
stimuli. Changes iii some matrix molecules of articular 
cartilage reportedly occur in early osteoarthritis (Thonar et 
al. (1993), Rheumatic disease clinics of North America, 

J5 Moskowitz (ed.). 19:6.\5-657 and Shinmei et al. (1992), 
Arthritis Rheum., 35:1304-1.^08). 

It is believed that rheumatoid arthritis results from the 
presentation of a relevant antigen to an immunogenetically 

^ susceptible host. The antigens that could potentially initiate 
an immune response that results in rheumatoid arthritis 
might be endogenous or exogenous. Possible endogenous 
antigens include collagen, mucopolysaccharides and rheu- 
matoid factors. Exogenous antigens include mycoplasms, 

45 mycobacteria, spirochetes and viruses. By-products of the 
immune reaction inflame the synovium (i.e., prostaglandins 
attd oxygen radicals) and trigger destructive joint changes 
(i.e., coUagenase). 

There is a wide spectrum of disease severity, but many 
patients run a course of intermittent relapses and remissions 
with an overall pattern of slowly progressive joint destruc- 
tion and deformity. The clinical manifestations may include 
symmetrical polyarthritis of peripheral joints with pain, 

55 tenderness, swelling and loss of function of affected joints, 
morning stiflness, and loss of cartilage, erosion of bone 
matter and subluxation of joints after persistent inflamma- 
tion. Extra-articular manifestations include rheumatoid 
nodules, rheumatoid vasculitis, pleuropulmonary 
inflammations, scleritis, sicca syndrome. Felly's syndrome 
(splenomegaly and neutropenia), osteoporosis and weight 
loss (Katz (1985), A/H. J. Med., 79:24 and Krane and Simon 
(19&6), Advances in Rheumatology, Synderman (ed.), 70(2) 

65 :263-284). The clinical manifestations result in a high 
degree of morbidity resulting in disturbed daily life of the 
patient. 
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The involvement of inlerleukin-1 in arthrilis has been 
implicated by two distinct lines of evidence. First, increased 
levels of interleukin-1, and of the mRNA encoding it, have 
been found in the synovial tissue and fluid of arlhrilic joints. 
See, for example, Buchan et al., "Third Annual General 
Meeting of the British Society for Rheumatology," London, 
England, Nov. 19-21, 1988,7. Rlieiuiiatol., 25(2); Fontana 
et al. (1982), Wieumatology int., 2:49-53; and Duflf et al. 
(1988), Monokines and Other Non-LympHiocytic Cytokines. 
M. Powanda et al.(eds), pp. 387-392 (Alan R. Liss, Inc.). 

Second, the administration of interleukin-1 to healthy 
joint tissue has been shown on numerous occasions to result 
in the erosion of cartilage and bone. In one experiment, 
intraarticular injections of IL-1 into rabbits were shown to 
cause cartilage destruction in vivo (Pbtlipher et al. (1986), 
Proc. Natl Acad. Sci. USA., 83:8749-8753). In other 
studies, IL-1 was shown to cause the degradation of both 
cartilage and bone in tissue explants (Saklatavala el al. 
(1987), Development of Diseases cf Cartilage and Bone 
Matrix, Sen and Thomhill (eds.), pp. 291-298 (Alan R. Liss, 
Inc.) and Stashenko et al. (1987), Hie American Association 
oflinnumologists, 183:1464-1468). One generally accepted 
theory which is used to explain the causal link between IL-1 
and arthritis is that lL-1 stimulates various cell types, such 
as fibroblasts and chondrocytes, to produce and secrete 
proinflammatory or degradative compounds such as- pros- 
taglandin E, and metalloproteinases. 

Interieukin-1 receptor antagonist (IL-lra) is a human 
protein that acts as a natural inhibitor of interleukin-1. lL-1 
receptor antagonist (Il.-lra) has been disclosed as a potential 
agent for use in the clinical treatment of IL-l-mediated 
diseases (Au.stralian Patent No. 649245). However, IL-lra 
has a relatively short half-life. It therefore would be advan- 
tageous to administer IL-lra in a manner which maintains a 
preselected concentration range of IL-lra in the blood 
stream (e.g., contralled release formulations, Fc fusion pro- 
teins and chemical attachment, and continuous pump 
infusion). 

With the advances in reccmbinant DNA technologies, the 
availability of recombinant proteins for therapeutic use has 
engendered advances in protein formulation and chemical 
modification. A review article describing protein modifica- 
tion and fusion proteins is Francis, Focus on Growth Factors 
3:4-10 (May 1992) (published by Mediscripl, Mountview 
Court, Friern Bamet Lane, London N20, OLD, UK). 

One such modification is the use of the Fc region of 
immunoglobulins. Antibodies comprise two functionally 
independent parts, a variable domain known as '"Fab", which 
binds antigen, and a constant domain, known as "Fc" which 
provides the link to effector functions such as complement 
or phagocytic cells. The Fc portion of an immunoglobulin 
has a long plasma half-life, whereas the Fab is short-lived 
(Capon, et al. (1989), Nature, 337:525-531). 

Therapeutic protein products have been constructed using 
the Fc domain to provide longer half-life or to incorporate 
functions such as Fc receptor binding, protein A binding, 
complement fixation and placental transfer which all reside 
in the Fc proteins of immunoglobulins. Id. For example, the 
Fc region of an IgGl antibody has been fused to the 
N-lerminal end of CD30-L, a molecule which binds CD30 
receptors expressed on Hodgkin's Disease tumor cells, ana- 
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plastic lymphoma cells, T-cell leukemia cells and other 
malignant cell types (U.S. Pat. No. 5,480,981). lL-10, an 
anti-inflammatory and antirejection agent has been fused to 
murine Fcyla in order to increase the cytokine's short 

5 circulating half-life, Zheng, X. et al. (1995), The Journal of 
Immunology, 154: 5590-5600. Studies have also evaluated 
the use of tumor necrosis factor receptor linked with the Fc 
protein of human IgGl to treat patients with septic shock. 
Fisher, C. et al., JV. Engl. J. Med., 334: 1697-1702 (1996); 
Van Zee, K. el al.. The Journal of Immunology, 156: 
2221-2230 (1996) and rheumatoid arthritis (Moreland, et al. 
(1997), AT. Engl. J. Med., 337(3):141-147. Fc has also been 
fused with CD4 receptor to produce a therapeutic protein for 

15 treatment of AIDS (Capon et al, (1989), Nature, 
337:525-531). In addition, the N-terminus of interleukin 2 
has also been fused to the Fc portion of IgGl or IgG3 to 
overcome the short half life of interleukin 2 and its systemic 
toxicity (Harvill et al. (1995), Immunotechnology, 1: 

-° 9.V105). 

One material useful in controlled release lormulalionj; is 
hyaluronic acid. Hyaluronic acid is a naturally occurring 
mucopolysaccharide consisting of residues of D-glucoronic 

25 add and N-acetyl-D-glucosamine in an unbranched chain. 
The polymer has an average molecular weight of (5-6)xl0'* 
and exhibits excellent biocompatibilily. In the articular 
cartilage, hyaluronic acid plays an important role in the 
construction of the cartilage matrix by aggregating with 
proteoglycan. Furthermore, it has been reported that under 
pathological conditions such as rheumatoid arthritis, 
osteoarthritis and infectious arthritis, the concentrations and 
molecular weight of hyaluronic acid in the joint are changed 

35 and cause changes in the nature of the synovial fluid. 

Both chemical cross-linking and derivatization of hyalu- 
ronic acid have been used to enhance its Theological prop- 
erties or increase the degradation time of certain drugs 
(Cortivo et al. (l99V),Biomateriah, 2:727-730; Bcnedctii et 

^ al. (1990), J. Controlled Release, 13:.33-41 and Hunt et al. 
(1990), J. CotaroUed Release, 12:159^169). 

It has been shown that the injection of high molecular 
weight hyaluronic acid derivatives may restore the damaged 

45 hyaluronic acid layer on the articular cartilage surface and 
may be eflcctive for treating some kinds of articular condi- 
tions in clinical and fundamental tests. Examples of scien- 
tific publications describing such use of hyaluronic acid 
derivatives for treatment of articular conditions include 
Nizolek & White (1981), Comell Vet., 71:355-375; Namiki 
et al. (1982), Int. J. Chem. Pharmacol, Tlierapy and 
Toxicol., 20:501-507; Asheim and Lindblad (1976),Acrfl Vet 
Scand, 17 (4):379-394; Svanslrom (1978), Proceedings of 

55 the 24th Annual Comvntion of the American Association of 
Equine Practitioners, St Louis, Mo., p. 345-348; Wigren et 
al. (1975), UpsalaJ MedSciSuppl, 17:1-20; and Gingerich 
et al. (19m), Res Vet Sci, 30:192-197. The use of hyaluronic 
acid in human joints is reported by Peyron et aL (1974), 

*° Pathologie Biologie, 22(8):731-736. The intraarticular use 
of hyaluronic acW in horse joints has been commercially 
promoted in connection with Pharmacia's Hylartil™ and 
Hylartin V™» products and Sterivet's Synacid™ product. 

g; However, although symptoms such as pain and stiffiness 
become a serious problem in the treatment of joint diseases, 
hyaluronic acid does not directly improve such symptoms. 
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Additionally, hyaluronic acid has been used for drug 
delivery. One scientific publication describes the use of 
hyaluronic acid both alone and with cortisone in various 
animal joints, especially horses, is Rydell et al. (1971), 
Clinical Orthopaedics and Related Research, 80:25-32. 
Another scientific publication describes the preparation of 
micraspheres from hyaluronic acid esters were used for the 
nasal dehvery of insulin (Ilium ct al. (1994), J. Controlled 
Release, 29:133-141). Blank spheres were prepared by an 
emulsificalion/solvent evaporation technique, exposed lo an 
insulin solution for an hour, and then lyophilized. When 
administered to sheep, the mean bioavailability was found to 
be 11% when compared with insulin administered by the 
subcutaneous route. This system has also been used as a 
deliverv device for nerve growth factor (Ghezzo et al. 
(1992), Int. J. Phann., 87:21-29). However, it has been 
reported that when dog knees were injected with a physi- 
ological concentration (3 mg/ml) of high molecular weight 
(Mr 6x10'^) or low molecular weight (Mr 5x10-') hyaluronic 
acid mixed with radioactive albtunin, the albumin distribu- 
tion volume and clearance rate slightly exceeded those in 
knees in which the concentration (0.03 mg/ml) of high 
molecular weight hyaluronic acid or the concentration (0.3 
mg/ml) low molecular weight hyaluronic acid was reduced 
(Myers and Brandt (1995), J. Rheumatol., 22:1732-1739). 
This reference suggests that a combination of hyaluronic 
acid with a protein, such as IL-lra, would be no more 
eflfective than hyaluronic acid alone in the treatment of 
inflammatory diseases, particularly when administered via 
intraarticular injection. 

Due to the identification of the IL-lra protein as a 
promising therapeutic protein, there exists a need to develop 
IL-lra compositions where protein formulations and chemi- 
cal modifications achieve decreased protein degradation, 
increased stability and circulation time. The present inven- 
tion provides such compositions. 

It is an objective of the present invention to provide 
therapeutic methods and compositions for the treatment of 
IL-1 -mediated inflammatory diseases. This and other objects 
of the present invention will become apparent from the 
description hereinafter. 

SUMMARY OF THE INVENTION 
The present invention stems from the observation that 
continuous presence in the bloodstream, in predictable 
amounts based on a determined dosage regimen, of a pro- 
teinaceous IL-1 inhibitor, e.g., IL-lra, by extended delivery 
means, e.g., controlled release polymer formulations (e.g., 
hyaluronan), IL-lra fusion proteins and chemical 
attachment, and continuous pump infusion, results in 
improved treatment of IL-l-mediated inflammatory dis- 
eases. The type of treatment herein referred to is intended for 
mammals, including humans. 

BRIEF DESCRIPTION OF THE HGURES 
Numerous aspects and advantages of the present inven- 
tion will become apparent upon review of the figures, 
wherein: 

FIG. 1 shows the serum levels of IL-lra after subcutane- 
ous injection of either IL-lra in citrate buffer (CSEP) atone 
or IL-lra mixed with hyaluronic acid in CSEP. 
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FIG. 2 shows the amount of IL-lra remaining in guinea 
pig joints after intraarticular injection of either IL-lra in 
CSEP alone or IL-lra mixed with hyaluronic acid in CSEP. 
^ FIG. 3 shows the concentration of IL-lra in recovered 
synovial fluid of rabbits after intraarticular injection of either 
IL-lra in CSEP alone or IL-lra mixed with hyaluronic acid 
in CSEP. 

FIG. 4 shows the histological evaluation of dLsease sever- 
M ity in knee joints of rats immunized with bovine type II 
collagen, after intraarticular injection of either hyaluronic 
acid in CSEP alone or IL-lra mixed with hyaluronic acid in 
CSEP. 

15 FIG. 5 shows a nucleic acid sequence (SEQ ID N0:1) 
encoding recombinant human IL-lra (rhuIL-lra). Also 
shown is the amino acid sequence (SEQ ID NO:2) of 
rhuIL-lra, with the initial amino acid being M„ wherein n 
equal 0 or 1 . 

FIG. 6. shows the effects of once daily injection (QD) of 
IL-lra mixed with hyaluronic acid in CSEP shown in 
comparison to IL-lra in CSEP or hyaluronic acid in CSEP 
or CSEP alone on ankle joint diameter over time in rats with 
2."; established type II collagen arthritis. 

FIG. 7. shows the effects of once daily injection (QD) of 
IL-lra mixed with hyaluronic acid in CSEP shown in 
comparison lo IL-lra in CSEP or hyaluronic acid in CSEP 
^ or CSEP alone on final paw weights in rats with estabhshed 
type II collagen arthritis. 

FIG. 8. shows the effects of once daily injection (QD) of 
IL-lra mixed with hyaluronic acid in CSEP shown in 
comparison to IL-lra in CSEP or hyaluronic acid in CSEP 
or CSEP alone on inflammation, pannus formation, and 
cartilage and bone damage in rats with established type II 
collagen arthritis. 

FIG. 9. shows the efiecis of once daily injection (QD), 
40 every other day injection (Q2D) or every third day injection 
(03D) of IL-lra mixed with hyaluronic acid in CSEP shown 
in comparison to hyaluronic acid in CSEP (QD) or no 
treatment on ankle joint diameter over time in rats with 
established type II collagen arthritis. 

FIG. 10. shows the effects of once daily injection (QD), 
every other day injection (Q2D) or every third day injection 
(Q3D) of IL-lra mixed with hyaluronic acid in CSEP shown 
in compari.son to hyaluronic acid in CSEP (QD) or no 
50 treatment on final paw weight in rats with established type 
II collagen arthritis. 

FIG. 11 shows a nucleic acid sequence (SEQ ID NO:13) 
encoding recombinant human IL-lra-Fc fusion protein 
("rhuIL-lra-Fc"). Also shown is the amino acid sequence 
(SEQ ID NO: 14) of rhuIL-lra-Fc. 

FIG. 12 shows a nucleic acid sequence (SEQ ID N0:15) 
encoding Fc-recombinant human IL-lra ("Fc-rhuIL-lra"). 
Also shown is the amino acid sequence (SEQ ID NO: 16) of 
60 Fc-rhuIL-lra. 

DETAILED DESCRIPTION 
Interleuldn-l inhibitors may be from any protein capable 
65 of specifically preventing activation of cellular receptors to 
IL-1. Classes of interIeukin-1 inhibitors include: 
interleukin-l receptor antagonists such as IL-lra as 
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described below; anti-IL-1 receptor monoclonal antibodies, 
e.g., EP 523674; 11-1 binding proteins such as soluble lL-1 
receptors, e.g., U.S. Pat. Nos. 5,492,888, 5,488,032, 5,464, 
937, 5,319,071 and 5,180,812; anti-lL-l monoclonal 
antibodies, e.g., WO 9501997, WO 9402627, WO 9(K»6371, 
U.S. Pat. No. 4,935,343, EP 364778, EP 267611 and EP 
220063; and IL-1 receptor accessory proteins, e.g., WO 
96/23067, the disclosures of which are incorporated herein 
by reference. 

Interleukin-1 receptor antagonist (IL-lra) is a human 
protein that acts as a natural inhibitor of interleukin-1. 
Preferred receptor antagonists, as well as methods of making 
and using thereof, are described in U.S. Pat. No. 5,075,222 
(referred to herein as the '222 patent); WO 91/08285; WO 
91/17184; AU 9173636; WO 92/16221; WO 93/21946; WO 
94/05457; WO 94/21275; FR 2706772; WO 94/21235; DE 
4219626, WO 94/20517; WO 96/22793, WO 97/28828 and 
WO 98/24477, the disclosures of which are incorporated 
herein by reference. 

Specifically, three useful forms of IL-lra and variants 
thereof are disclosed and described in the '222 patent. The 
first of these, II,-lraa, Is characterized as a 22-23 kD 
molecule on SDS-PAGE with an approximate isoelectric 
point of 4.8, eluting from a Mono 0 FPLC column at around 
52 mM NaCl in Tris buffer, pH 7.6. The .second, ll.-lrap, is 
characterized as a 22-23 kD protein, eluting from a Mono Q 
column at 48 mM NaCl. Both IL-lraa and IL-lraP are 
glycosylated. The third, IL-lrax, is characterized as a 20 kD 
protein, eluting from a Mono Q column at 48 mM NaCl, and 
is non-glycosylated. All three of these inhibitors possess 
similar functional and immunological activities. 

Methods for producing IL-lra are also di.sclosed in the 
'222 patent. One disclosed method consists of isolating the 
IL-lra from human monocytes, where they are naturally 
produced. A second disclosed method involves isolating the 
gene responsible for coding IL-lra, cloning the gene in 
suitable vectors and cells types, expressing the gene to 
produce the inhibitors and harvesting the inhibitors. The 
latter method, which is exemplar)' of recombinant DNA 
methods in general, is a preferred method. Recombinant 
DNA methods are preferred in part because they are capable 
of achieving comparatively greater amounts of protein at 
greater purity. Thus, the invention also encompas.ses IL-lra 
containing an N-terminal methionyl group as a consequence 
of expression in prokatyotic cells, such as E. coli. 

As slated above, the present invention also includes 
modified forms of IL-lra. The modified forms of IL-lra as 
used herein include variant polypeptides in which amino 
acids have been (1) deleted from ("deletion variants"), (2) 
inserted into ("addition variants") or (3) substituted for 
(•■substitution variants") residues within the amino acid 
sequence of IL-lra. 

For IL-lra deletion variants, each polypeptide may typi- 
cally have an amino sequence deletion ranging from about 
1 to 30 residues, more typically from about 1 to 10 residues 
and most typically from about 1 to 5 contiguous residues. 
N-terminal, C-terminal and internal intrasequencc deletions 
are contemplated. Deletions within the IL-lra amino acid 
sequence may be made in regions of low homology with the 
sequences of other members of the IL-1 family. Deletions 
within the IL-lra amino acid sequence may be made in areas 
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of .substantial homology with the sequences of other mem- 
bers of the IL-1 family and will be more likely to signifi- 
cantly modify the biological activity. 

For IL-lra addition variants, each polypeptide may 
include an amino- and/or carboxyl-terminal fusion ranging 
in length from one residue to one hundred or more residues, 
as well as internal intrasequencc insertions of single or 
multiple amino acid residues. Internal additions may range 
^ typically from about 1 to 10 amino acid residues, more 
typically from about 1 to 5 amino acid residues and most 
typically from about 1 to 3 amino acid residues. 

Amino-terminus addition variants include the addition of 
a methionine (for example, as an artifact of the direct 

i."; expression of the protein in bacterial recombinant cell 
cultiire) or an additional amino acid residue or sequence. A 
further example of an amino-terminal insertion includes the 
fusion of a signal sequence, as well as or with other pre-pro 
sequences, to facilitate the secretion of protein from recom- 
binant host cells. Each polypeptide may comprise a .signal 
sequence selected to be recognized and processed, i.e., 
cleaved by a signal peptidase, by the host cell. For prokary- 
otic host cells that do not recognize and process the native 

25 IL-lra signal sequence, each polypeptide may comprise a 
prokaryotic signal sequence selected, for example, from the 
group of the alkaline phosphatase, penicillinase or heat- 
stable enterotoxin II leaders. For yeast cells, each polypep- 
tide may have a signal sequence selected, for example, from 
the group of the yeast invertase, alpha factor or acid phos- 
phatase leader sequences. For mammalian cell expression, 
each polypeptide may have the native signal sequence of 
IL-lra, although other mammalian signal sequences may be 

j5 suitable, for example, sequences derived from other IL-1 
family members. 

Amino- and carboxy-tcrminus addition variants include 
chimeric proteins wherein each comprises the fusion of 
II - Ira with all or part of a constant domain of a heavy or 
light chain of human immunoglobulin (Ellison, J. W. et al. 
(1982), Nucleic Acids Res., 10:4071^079) at the amino- 
terminus (e.g., Fc-rhuIL-lra), the carboxy-terminus (e.g., 
rhuIL-lra-Fc) or both (collectively, "rhuIL-lra Fc lu.sion 

4s proteins"). Such chimeric proteins arc preferred wherein the 
imraunogloLwlin portion ol each comprises all domains 
except the first domain of the cnnsianl region of the heavy 
chain of human immunoglobulin, such as IgG, IgA, IgM or 
IgE (especially IgG, e.g., IgGl or IgG3). A skilled artisan 
will appreciate thai any amino acid of each immunoglobulin 
portion can be deleted or substituted with one or more amino 
acids, or one or more amino acids can be added as long as 
the IL-lra still antagonizes the IL-1 receptor, and the immu- 

5j noglobulin portion shows one or more of its characteristic 
properties. 

Modifications may be made to introduce four amino acid 
substitutions to ablate the Fc receptor binding site and the 
complement (Clq) binding site. 

Likewise, one or more tyrosine residues can be replaced 
by phenyalanine residues as well. In addition, other variant 
amino acid insertions, deletions and/or substitutions are also 
contemplated and are within the scope of the present inven- 
ts tion. Furthermore, alterations may be in the form of altered 
amino acids, such as peptidomimetics or D-amino acids. The 
Fc protein may be also linked to the IL-lra proteins by 
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"linker" moieties whether chemical or amino acids of vary- 
ing lengths. Such chemical linkers are well known in the art. 

For IL-lra substitution variants, each such polypeptide 
may have at least one amino acid residue in ll^lra removed ^ 
and a different residue inserted in its place. Substitution 
variants include allelic variants, which are characterized by 
naturally-occurring nucleotide sequence changes in the spe- 
cies population that may or may not result in an amino acid 
change. One skilled in the art can use any information lo 
known about the binding or active site of the polypeptide in 
the selection of possible mutation sites. Exemplary substi- 
tution variants are taught in WO 91/17184, WO 92/16221, 
and WO 96/09323. 

One method for identifying amino acid residues or 
regions for mutagenesis of a protein is called " alanine 
scanning mutagenesis" (Cunningham and Wells (1989), 
Science, 244:1081-1085, the disclosure of which is hereby 
incorporated by reference). In this method, an amino acid 20 
residue or group of target residues of a protein is identified 
(e.g., charged residues such as Arg, Asp, His, Lys and Glu) 
and replaced by a neutral or negatively-charged amino acid 
(most preferably alanine or polyalanine) to effect the inter- ,j 
action of the amino acids with the surrounding aqueous 
environment in or outside the cell. Those residues demon- 
strating functional sensitivity to the substitutions are. then 
refined by introducing additional or alternate residues at the 
sites of substitution. Thus, the site for introducing an amino 30 
acid sequence modification is predetermined and, to opti- 
mize the performance of a mutation at a given site, alanine 
scanning or random mutagene.sis may be conducted and the 
resulting variant polypeptide screened for the optimal com- 
binalion of desired activity and degree of activity. 

The sites of greatest interest for substimtional mutagen- 
esis include sites where the amino acids found in IL-ra are 
substantially different in terms of side-chain bulk, charge 
and/or hydrophobidty from IL-lra-like proteins such as ^ 
IL-lra 's of other various species or of other members of the 
lL-1 family. Other sites of interest include those in which 
particular residues of IL-lra are identical with those of such 
IL-lra-like proteins. Such positions are generally important 45 
for the biological activity of a protein. Initially, these sites 
are modified by substitution in a relatively conservative 
manner. Such conservative substitutions are shown in Table 
1 under the heading of "Preferred Substitutions". If such 
substitutions result in a change in biological activity, then ^'^ 
more substantial changes (Exemplary Substitutions) are 
introduced and/or other additions/deletions may be made 
and the resulting polypeptides screened. 
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TABLE 1-continued 



Lys (K) 
Met (M) 
Phc(F) 

Pro (P) 
S«r(S) 
ThrfT) 
Trp(W) 
1V.(Y) 

%1(V) 



Ala; Ptie 
Aig; Gin; Asl 
Ixu; Phe; lie 
Leu; \hl: He: 



TABLE 1 
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VOX Leu: ne 
Lys; Gin: Ash 
Gin; His; Lys; 



Asp(D) 
Cys(C) 
Gin (O) 



In making such changes of an equivalent nature, the 
hydropathic index of amino acids may be considered. Each 
amino acid has been assigned a hydropathic index on the 
basis of their hydrophobicity and charge characteristics, 
the.se are: isoleucine (+4.5); valine (+4.2); leucine (+3.8); 
phenylalanine (+2.8); cy.steine/cysline (+2.5); methionine 
(+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); 
serine (-0.8); tryptophan (-<.).9); tyrosine (-1.3); proline 
(-1.6); histidine (-3.2); glutamale (-3.5); glutamine (-3.5); 
aspartate (-3.5); asparaginc (-3.5); lysine (-3.9); and argi- 
nine(-4.5). 

TTie importance of the hydropathic amino acid index in 
conferring interactive biological function on a protein is 
generally understood in Ihe art (Kyle and Doolittle (1982), 
J. Mol. Biol., 157:105-131, the disclosure of which are 
incorporated herein by reference). It is known that certain 
amino acids may be substihited for other amino acids having 
a similar hydropathic index or score and still retain a similar 
biological activity. In making changes based upon the hydro- 
pathic index, the substitution of amino acids whose hydro- 
pathic indices are within ±2 is preferred, those which are 
within il are particularly preferred, and those within sO.5 
are even more particularly preferred. 

It is also understood in the art that the substitution of like 
amino acids can be made effectively on the basis of 
hydrophilicity, particularly where the biological functional 
equivalent protein or peptide thereby created is intended for 
use in immunological embodiments, as in the present case. 

U.S. Pat. No. 4,554,101, the disclosure of which are 
incorporated herein by reference, states that the greatest 
local average hydrophilicity of a protein, as governed by the 
hydrophilicity of its adjacent amino acids, correlates with its 
immunogenicity and antigenicity, i.e. with a biological prop- 
erty of the protein. 

As delafled in U.S. Pat. No. 4,554,101, the foUowing 
hydrophilicity values have been assigned to amino acid 
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residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0+1); 
glutamate (+3.0£l); serine (+0.3); asparagine (+0.2); 
glutatnine (+0.2); glycine (0); threonine (-0.4); proline 
(-0.5+1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); 
methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine 
(-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan 
(-3.4). 

In niaking changes based upon similar hydrophilicily 
values, the substitution of amino acids whose hydrophilicity 10 
values are within ±2 is preferred, those which are within ±1 
are particularly preferred, and those within ±0.5 are even 
more particularly preferred. 

U.S. Pat. No. 4,554,101 also leaches the identification and 
preparation of epitopes from primary amino acid sequences 
on the basis of hydrophilicity. Through the methods dis- 
closed in U.S. Pat. No. 4,554,101 one of skill in the art 
would be able to identify epitopes from within an amino acid 
sequence such as the IL-ra sequences disclosed herein. 20 
These regions are also referred to as "cpilopic core regions". 

Numerous scientific publications have been devoted to the 
prediction of secondary structure, and to the identification of 
epitopes, from analyses of amino acid sequences (Chou and ^5 
Fasman (1974), Biociwiiiistry, 13(2):222-245; Chou and 
I'asman, liiochemistry, 113(2):211-222; Chou and Fasman 
(1978),.4<;v: F.nzyniol. Relat. Areas Mol. Biol, 47:45-148; 
Chou and Fasman, Ann. Re\'. Biochem., 47:251-276 and 
Chou and Fasman (1979), Biopliys. J., 26:367-384. the 
disclosures of which are incorporated herein by reference). 
Moreover, computer programs are currently available to 
assist with predicting antigenic portions and epitopic core 
regions of proteins. Examples include those programs based 
upon the Jameson-Wolf analysis (Jameson and Wolf ( 1988), 
Comput.Appl. Biosd., 4(1): 181-186 and Wolf et al. (1988), 
Compia. Appl. Biasci., 4(1): 187-191, the disclosures of 
which are incorporated herein by reference), the program 
PcpPlot® (Brullag ef al. (1990) CARS, 6:237-245 and 40 
Weinberger ct al. (1985), Science, 228:740-742, the disclo- 
sures of which are incorporated herein by reference), and 
other new programs for protein tertiary structure prediction 
(Fetrow and Bryant (1993), BIOTECHNOLOGY, 
11:479-483, the disclosure of which are incorporated herein 
by reference). 

Conservative modifications to the amino acid sequence 
(and the corresponding modifications to the encoding 
nucleic acid sequence) of IL-lra are expected to produce '0 
proteins having similar functional and chemical character- 
istics. In contrast, substantial modifications in the functional 
and/or chemical characteristics of IL-lra may be accom- 
plished by selecting substitutions that differ significantly in 
their effect on maintaining (a) the structure of the polypep- 
tide backbone in the area of the substitution, for example, as 
a sheet or helical conformation, (b) the charge or hydropho- 
bicity of the protein at the target site or (c) the bulk of the 
side chain. Naturally-occurring residues are divided into 60 
groups based on common side chain properties: 

1) hydrophobic: norleucine. Met, Ala, Val, Leu, He; 

2) neutral hydrophilic: Cys, Ser, Thr; 

3) acidic: Asp, Glu; ^5 

4) basic: Asn, Gin, His, Lys, Arg; 

5) aromatic: Trp, Tyr, Phe; and 
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6) residues that influence chain orientation: Gly, Pro. 

Non-conscrvativc substitutions may involve the exchange 
of a member of one of these groups for another. Such 
substituted residues may be introduced into regions of 
IL-lra that are homologous or non-homologous with other 
IL-1 family members. 

Specific mutations in the sequence of IL-lra may involve 
substitution of a non-native amino acid at the N-lerminus, 
C-terminus or at any site of the protein that is modified by 
the addition of an N-hnked or O-linked carbohydrate. Such 
modifications may be of particular utility, such as in the 
addition of an amino acid (e.g., cysteine), which is advan- 
tageous for the linking of a water soluble polymer to form 
a derivative, as described below. Further, the sequence of 
IL-lra may be modified to add glycosylation sites or to 
delete N-linked or 0-linkcd glycosylation sites. An 
asparagine-linked glycosylation recognition site comprises a 
tripeptide sequence which is specifically recognized by 
appropriate cellular glycosylation enzymes. These tripeptide 
sequences are either Asn-Xaa-Thr or Asn-Xaa-Ser, where 
Xaa can be any amino acid other than Pro. 

In a specific embodiment, the variants are substantially 
homologous to the amino acid of IL-lra (SEQ ID NO:2). 
The term "substantially homologous" as used herein means 
a degree of homology that is preferably in excess of 70%, 
more preferably in excess of 80%, even more preferably in 
excess of 90% or most preferably even 95%. The percentage 
of homology as described herein is calculated as the per- 
centage of amino acid residues found in the smaller of the 
two sequences which align with identical amino acid resi- 
dues in the sequence being compared when four gaps in a 
length of 100 amino acids may be introduced to assist in that 
alignment, as set forth by Dayhoff in Atlas of Protein 
Sequence and Structure, 5:124 (1972), National Biochemi- 
cal Research Foundation, Washington, U.C., the disclosure 
of which is hereby incorporated by reference. Also included 
as substantially homologous are variants of IL-lra which 
may be isolated by virtue of cross-reactivity with antibodies 
to the amino acid sequence of SEQ ID NO:2 or whose genes 
may be isolated through hybridization with the DNAof SEQ 
ID N0:1 or with segments thereof. 

The production of variants of IL-lra is described in 
further detail below. Such variants may be prepared by 
introducing appropriate nucleotide changes into the DNA 
encoding variants of IL-lra or by in vitro chemical synthesis 
of the desired variants of IL-lra. It will be appreciated by 
those skilled in the art that many combinations of deletions, 
insertions and substitutions can be made, provided that the 
final variants of IL-lra are biologically active. 

Mutagenesis techniques for the replacement, insertion or 
deletion of one or more selected amino acid residues are well 
known to one skilled in the ait (e.g., U.S. Pat. No. 4.518,584, 
the disclosure of which is hereby incorporated by reference). 
There are two principal variables in the construction of each 
amino acid sequence variant, the location of the mutation 
site and the nature of the mutation. In designing each variant, 
the location of each mutation site and the nature of each 
mutation will depend on the biochemical characteristic(s) to 
be modified. Each mutation site can be modified individu- 
ally or in series, e.g., by (1) substituting first with conser- 
vative amino acid choices and then with more radical 
selections, depending upon the results achieved, (2) deleting 
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the target amino acid residue or (3) inserting one or more 
amino acid residues adjacent to the located site. 

Qiemically modified derivatives of IL-lra and variants of 
Il.-lra may be prepared by one skilled in the art, given (he 
disclosures herein. Conjugates may be prepared using 
glycosylated, non-glycosylated or de-glycosylated IL-lra 
and variants of IL-lra. Typically, non-glycosylated IL-lra 
and variants of IL-lra will be used. Suitable chemical 
moieties for derivatization of IL-lra and variants of IL-lra 
include water soluble polymers. 

Water soluble polymers are desirable because the protein 
to which each is attached will not precipitate in an aqueous 
environment, such as a physiological environment. 
Preferably, the polymer will be pharmaceutically acceptable 
for the preparation of a therapeutic product or composition. 
One skilled in the art will be able to select the desired 
polymer based on such considerations as whether the 
polymer/protein conjugate will be used therapeutically and, 
if so, the desired dosage, circulation titue and resistance to 
proteolysis. 

Suitable, clinically acceptable, water soluble polymers 
include, but are not limited to, polyethylene glycol (PEG), 
polyethylene glycol propionaldehyde, copolymers of ethyl- 
ene glycol/propylene glycol, monomethoxy-polyethylene 
glycol, carboxymethylcellulose, dextran, polyvinyl ialcohol 
(PVA), polyvinyl pyrrolidone, poly-1, 3-dioxolane, poly-1, 
3,6-trioxanB, ethylene/maleic anhydride copolymer, poly 
(P-amino acids) (either homopolymers or random 
copolymers), poly(n-vinyl pyrroIidone)poIyethylene glycol, 
polypropylene glycol homopolymers (PPG) and other poly- 
akylene oxides, polypropylene oxide/ethylene oxide 
copolymers, polyoxyethylated polyols (POG) (e.g., 
glycerol) and other polyoxyethylated polyols, polyoxyethy- 
lated sorbitol, or polyoxyethylated glucose, colonic adds or 
other carbohydrate polymers, FicoU or dextran and mixtures 
thereof. 

As used herein, polyethylene glycol is meant to encom- 
pass any of the forms that have been used to derivatize other 
proteins, such as mono-(Cl-C10) alkoxy- or aryloxy- 
polyethylene glycol. Polyethylene glycol propionaldehyde 
may have advantages in manufacturing due to its stability in 

The IL-lra protein, may be prepared by attaching 
polyaminoacids or branch point amino acids to the IL-lra 
protein. For example, the polyaminoacid may be a carrier 
protein which serves to increase the circulation half life of 
the protein (i.e., in addition to the advantages achieved via 
IL-lra fusion protein above). For the present therapeutic 
purpose of the present invention, such polyaminoacids 
should be those which have or do not create neutralizing 
antigenic response, or other adverse responses. Such 
polyaminoacids may be selected from the group consisting 
of scrum album (such as human serum albumin), an addi- 
tional antibody or portion thereof (e.g. the Fc region), or 
other polyaminoacids, e.g. lysines. As indicated below, the 
location of attachment of the polyaminoacid may be at the 
N-terminus, or C-terminus, or other places in between, and 
also may be connected by a chemical "linker" moiety to 
IL-lra. 

The water soluble polymers each may be of any molecular 
weight and may be branched or unbranched. The water 
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soluble polymers each typically have an average molecular 
weight of between about 2 kDa to about 100 kDa (the term 
"about" indicating that in preparations of a water soluble 
polymer, some molecules will weigh more, some less, than 

■ the stated molecular weight). The average molecular weight 
of each water soluble polymer preferably is between about 
-S kDa and about 50 kDa, more preferably between about 12 
kDa and about 25 kDa and most preferably about 20 kDa. 

JO Generally, the higher the molecular weight or the more 
branches, the higher the polymerrprotein ratio. Other sizes 
may be used, depending on the desired therapeutic profile 
(e.g., the duration of sustained release; the effects, if any, on 
biological activity; the ease in handling; the degree or lack 
of antigenicity and other known effects of a water soluble 
polymer on a therapeutic protein). 

The water soluble polymers each should be attached to the 
protein with consideration of effects on functional or anli- 

20 genie domains of the protein. In general, chemical detiva- 
tizationi may be performed under any suitable condition used 
to react a protein with an activated polymer molecule. 
Activating groups which can be used to link the polymer to 
the active moieties include the following; sulfone, 

25 maleimide, sulfhydryl, thiol, triflate, tresylate, azidirine, 
bxirane and 5-pyridyI. 

The water soluble polymers each are generally attached to 
the protein at the a- or e-amino groups of amino acids or a 

,y reactive thiol group, but it is also contemplated that a water 
soluble gniup could be altaclied to any reactive group of the 
protein which i.s sufficiently reactive to become attached to 
a water soluble group under suitable reaction conditions. 
Thus, a water soluble polymer may be covalently bound to 

35 a protein via a reactive group, such as a free amino or 
carboxyl group. The amino acid residues having a free 
^ amino group may include lysine residues and the N-terminal 
amino acid residue. Those having a free carboxyl group may 

^ include aspartic acid residues, glutamic acid residues and the 
C-terminal amino acid residue. Those having a reactive thiol 
group include cysteine residues. 

Methods for preparing proteins conjugated with water 
soluble polymers will each generally comprLse the steps of 

45 (a) reacting a protein with a water soluble polymer under 
conditions whereby the protein becomes attached to one or 
more water soluble polymers and (b) obtaining the reaction 
product. Reaction conditions for each conjugation may be 
selected from any of those known in the art or .those 
subsequently developed, but should be selected to avoid or 
limit exposure to reaction conditions such as temperatures, 
solvents and pH levels that would inactivate the protein to be 
modified. In general, the optimal reaction conditions for the 
reactions will be determined case-by-case based on known 
parameters and the desired result. For example, the larger the 
ratio of water soluble polymeriprotein conjugate, the greater 
the percentage of conjugated prtxluct. The optimum ratio (in 
terms of efficiency of reaction in that there is no excess 
unreacted protein or polymer) may be determined by factors 
such as the desired degree of derivatization (e.g., mono-, di-, 
tri-, etc.), the molecular weight of the polymer selected, 
whether the polymer is branched or unbranched and the 
reaction conditions used. The ratio of water soluble polymer 
(e.g., PEG) to protein will generally range from 1:1 to 100:1. 
One or more piurifled conjugates may be prepared from each 
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mixture by standard purification techniques, including 
among others, dialysis, salting-out, uUraflltralion, ion- 
exchange chromatography, gel filtration chromatography 
and electrophoresis. 

One may specifically desire an N-terminal chemically 5 
modified protein. One may select a water soluble pt)lymer by 
molecular weight, branching, etc., the proportion of water 
soluble polymers to protein (or peptide) molecules in the 
reaction mix, the type of reaction to be performed, and the 
method of obtaining the selected N-terminal chemically 
modified protein. The method of obtaining the N-terminal 
chemically modified protein preparation (i.e., separating this 
moiety from other monoderivatized moieties if necessary) 
may be by purification of the N-temiinal chemically modi- jj 
fled protein material from a population of chemicalh modi- 
fled protein molecules. Selective N-terminal chemical modi- 
fication may be accomplished by reductive alkylation which 
exploits differential reactivity of different types of primary 
amino groups (lysine versus the N-tenninal) available for 20 
derivatization in a particular protein. Under the appropriate 
reaction conditions, substantially selective derivatization of 
the protein at the N-terminus with a carbonyl group con- 
taining polymer is achieved. For example, one may selec- 
tively attach a water soluble polymer to the N-terminus of 
the protein by performing the reaction at a pH which allows 
oric to take advantage of the pKa differences between the 
e-amino group of the lysine residues and that of the a-amino 
group of the N-terminal residue of the protein. By such 
selective derivatization, attachment of a water soluble poly- 
mer to a protein is controlled: the conjugation with the 
polymer takes place predominantly at the N-terminus of the 
protein and no significant modification of other reactive 
groups, such as the lysine side chain amino groups, occurs. 35 
Using reductive alkylation, the water soluble polymer may 
be of the type described above and shoukl have a single 
reactive aldehyde for coupling to the protein. Polyethylene 
glycol propionaldehyde, containing a single reactive ^ 
aldehyde, may be used. 

The present iiivention specifically contemplates the 
chemically derivatized protein to include mono- or poly- 
(e.g., 2-4) PEG moieties. Pegylalion may be carried out by 
any of the pegylalion reactions known in the art. Methods 45 
for preparing a pegylated protein product will generally 
comprise the steps of (a) reacting a protein product with 
polyethylene glycol (such as a reactive ester or aldehyde 
derivative of PEG) under conditions whereby the protein 
becomes attached to one or more PEG groups and (b) '° 
obtaining the reaction product(s). In general, the optimal 
reaction conditions for the reactions will be determined case 
by case based on known parameters and the desired result. 

There are a number of attachment methods available to 55 
those skilled in the art. See, for example, EP 0 401 384, the 
disclosure of which is hereby incorporated by reference; see 
also, Malik et al. (1992), Exp. Hematol, 20:1028-1035; 
Francis (1992), Focus on Growth Factors, 3(2):4-10, 
(published by Mediscript, Mountain Court, Friem Barnet 
Lane, London N20 OLD, UK); EPO 154 316; EPO 401 384; 
WO 92/16221; WO 95/34326; and the other publications . 
cited herein that relate to pegylation, the disclosittes of 
which are hereby incorporated by reference. 

The pegylation specifically may be carried out via an 
acylation reaction or an alkylation reaction with a reactive 



polyethylene glycol molecule. Thus, protein products 
according to the present invention include pegylated pro- 
teins wherein the PEG group(s) is (are) attached via acyl or 
alkyl groups. Such products may be mono-pegylated or 
poly-pegylated (e.g., containing 2-6, and preferably 2-5, 
PEG groups). The PEG groups are generally attached to the 
protein at the a- or e-amino groups of amino acids, but it is 
also contemplated that the PEG groups could be attached to 
any amino group attached to the protein which is sufficiently 
reactive to become attached to a PEG group under suitable 
reaction conditions. 

Pegylation by acylation generally involves reacting an 
active ester derivative of polyethylene glycol (PEG) with the 
protein. For the acylation reactions, the polymer(s) selected 
should have a single reactive ester group. Any known or 
subsequently discovered reactive PEG molecule may be 
used to carry out the pegylation reaction. A preferred acti- 
vated PEG ester is PEG esteriCed to N-hydroxysuccinimide 
(NHS). As used herein, "acylation" is contemplated to 
include, without limitation, the following types of linkages 
between the therapeutic protein and a water soluble polymer 
such as PEG: amide, carbamate, urethane, and the like 
(Chamow (1994), Bioconjiignle Chem., 5(2):133-140). 
Reaction conditions may be selected from any of those 
known in the pegylation art or those subsequently 
developed, but should avoid conditions such as temperature, 
solvent and pH that would inactivate the protein to be 
modified. 

Pegylation by acylation will generally result in a poly- 
pegylated protein. Preferably, the connecting linkage will be 
an amide. Also preferably, the resulting product will be 
substantially only (e.g., >95%) mono, di- or tri-pegylated. 
However, some species with higher degrees of pegylation 
may be formed in amoimts depending on the specific reac- 
tion conditions used. If desired, more purified pegylated 
species may be separated from the mixture (particularly 
unreacted species) by standard purification techniques, 
including among others, dialysis, salting-out, ultrafiltration, 
ion-exchange chromatography, gel filtration chromatogra- 
phy and electrophoresis. 

Pegylation by alkylation generally involves reacting a 
terminal aldehyde derivative of PEG with the protein in the 
presence of a reducing agent. For the reductive alkylation 
reaction, the polymer(s) selected should have a single reac- 
tive aldehyde group. An exemplary reactive PEG aldehyde 
is polyethylene glycol propionaldehyde, which is water 
stable, or mono Cl-ClO alkoxy or aryloxy derivatives 
thereof (U.S. Pat. No. 5,252,714). 

Pegylation by alkylation can also result in poly-pegylated 
protein. In addition, one can manipulate the reaction condi- 
tions to substantially favor pegylation only at the amino 
group of the N-terminus of the protein (i.e., a mono- 
pegylated protein). In either case of monopegylation or 
polypegylation, the PEG groups are preferably attached to 
the protein via a — CHj — NH — group. With particular 
reference to the — CH, — group, this type of hnkagc is 
referred to herein as an "alkyl" linkage. 

Reductive alkylation to produce a substantially homoge- 
neous population of mono-polymer/protein product will 
generally comprise the steps of: 

(a) reacting a protein with a reactive PEG molecule under 
reductive alkylation conditions, at a pH suitable to permit 
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selective modification of the a-amino group at the amino 
terminus of said protein; and 
(b) obtaining the reaction product(s). Derivatization via 
reductive alkylation to produce a raonopegylated product 
exploits pKa differences between the lysine amino groups 
and the a-araino group at the N-terminus (the pKa being 
the pH at which 50% of the amino groups arc protonated 
and 50% are not). 

The reaction is performed at a pll which allows one to 
take advantage of the pKa differences between the e-amino 
groups of the lysine residues and that of the a-amino group 
of the N-terminal residue of the protein. In general, if the pi I 
is lower, a larger excess of polymer to protein will be desired 
(i.e., the less reactive the N-terminal a-amino group, the 
more polymer needed to achieve optimal conditions). If the 
pH is higher, the polymcr:protein ratio need not be as large 
(i.e., more reactive groups are available, so fewer polymer 
molecules are needed). For purposes of the present 
invention, the pll will generally fall within the range of 3-9, 
preferably 3-6. For the reductive alkylation, the reducing 
agent should be stable in aqueous solution and preferably be 
able to reduce only the Schiff base formed in the initial 
process of reductive alkylation. Suitable reducing agents 
may be selected from sodium borohydride, sodium 
cyanoborohydride, dimethylamine borane, Irimethylamine 
borane and pyridine borane. A particularly suitable reducing 
agent is sodium cyanoborohydride. Other reaction param- 
eters siicli as solvent, reaction times, temperatures and 
means of purification of products can be determined case- 
by-case, based on the published information relating to 
derivatization of proteins with water soluble polymers. 

By such selective derivatization, attachment of a water 
soluble polymer (that contains a reactive group such as an 
aldehyde) to a protein is controlled: the conjugation with the 
polymer takes place predominantly at the N-terminus of the 
protein and no significant modification of other reactive 
groups, such as the lysine side chain amino groups, occurs. 
The preparation will typically be greater than 90% 
monopolymer/protein conjugate, and more typically greater 
than 95% monopolymer/protein conjugate, with the remain- 
der of observable molecules being unreacted (i.e., pnstein 
lacking the polymer moiety). 

The pegylation also may specifically be carried out via 
water .soluble polymers having at least one reactive hydroxy 
group (e.g. polyethylene glycol) can be reacted with a 
reagent having a reactive carbonyl, nitrite or sultbne group 
to convert the hydroxyl group into a reactive Michael 
acceptor, thereby forming an "activated linker" useful in 
modifying various proteins to provide improved 
biologically-active conjugates. "Reactive carbonyl, nitrileor 
sulfone" means a carbonyl, nitrile or sulfonc group to which 
a two carbon group is bonded having a reactive site for 
thiol-speciflc coupling on the second carbon from the 
carbonyl, nitrile or sulfone group (WO 92/16221). 

The activated linkers can be monofunctional, 
bifunctional, or multifunctional. Useful reagents having a 
reactive suffone group that can be used in the methods 
include, without limitation, chlorosuffone, vinylsulfone and 
divinylsulfone. 

In a specific embodiment, the water soluble polymer is 
activated with a Michael acceptor. WO 95/13312 describes, 
inter alia, water soluble sulfone-activated PEGs which are 
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highly selective for coupling with thiol moieties instead of 
amino moieties on molecules and on surfaces. These PEG 
derivatives are stable against hydrolysis for extended peri- 
ods in aqueous environments at pHsof about 11 or less, and 

5 can form linkages with molecules to form conjugates which 
are also hydrolytically stable. The linkage by which the 
PEGs and the biologically active molecule are coupled 
includes a sulfone moiety coupled to a thiol moiety and has 
the structure PEG-SO-,— CH,—CH,-S—W, where W rep- 
resents the biologically active molecule, and wherein the 
sulfone moiety is vinyl sulfone or an active ethyl sulfone. 
Two particularly useful faomobifunctional derivatives are 
PEG-bis-chlorosulfone and PEG-bis-vinylsulfonc. 

j5 U.S. patent application Ser. No. 08/473,809, filed Jun. 7, 

1995, the disclosure of which is hereby incorporated by 
reference, teaches methods of making sulfone-activated 
linkers by obtaining a compound having a reactive hydroxyl 
group and converting the hydroxyl group to a reactive 

20 Michael acceptor to form an activated linker, with the use of 
tetrahydrofuran (TFIF) as the solvent for the conversion. 
U.S. patent application Ser. No. 08/611,918, filed Mar. 6, 

1996, the disclosure of which is hereby incorporated by 
reference, teaches a process for purifying the activated 
linkers utilizes hydrophobic interaction chromatography to 
separate the linkers based on size and end-group function- 
ality. 

Polynucleotides 

,g The present invention further provides polynucleotides 
which encode IL-lra and variants of IL-lra. Based upon the 
present description and using the universal codon table, one 
of ordinary .skill in the art can readily determine all of the 
nucleic acid sequences which encode the amino acid 

35 sequences of IL-lra and variants of IL-lra. 

Recombinant expression techniques conducted in accor- 
dance with the descriptions set forth below may be followed 
to produce these polynucleotides and to express the encoded 
proteins. For example, by inserting a nucleic acid sequence 
which encodes IL-lra or a variant of IL-lra into an appro- 
priate vector, one skilled in the art can readily produce large 
quantities of the desired nucleotide sequence. The sequences 
can then be used to generate detection probes or amplifica- 

4."; tion primers. Alternatively, a polynucleotide encoding 
IL-lra or a variant of IL-lra can be inserted into an sxpres- 
sion vector. By introducing the expression vector into an 
appropriate host, the desired protein may be produced in 
large amounts. 

As fiirther described herein, there are numerous host/ 
vector systems available for the propagation of desired 
nucleic acid sequences and/or the production of the desired 
proteins. These include but are not limited to plasmid, viral 

55 and insertional vectors, and prokaryotic and cukaryotic 
hosts. One skilled in the art can adapt a host/vector system 
which is capable of propagating or expressing heterologous 
DNA to produce or express the sequences of the present 
invention. 

^ Furthermore, it will be appreciated by those .skilled in the 
art that, in view of the present disclosure, the nucleic acid 
sequences include degenerate nucleic acid sequences encod- 
ing IL-lra having the .sequences set forth in FIG. 5 and those 
nucleic acid sequences which hybridize (preferably uiider 
stringent hybridization conditions) to complements of these 
nucleic acid sequences [Maniatis et al. (1982), Molecular 
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Cloning (A Laboratory Manual), Cold Spring Harbor 
Laboratory, pages 387 to 389]. Exemplary stringent hybrid- 
ization conditions are hybridization in 4xSSC at 62-67° C, 
followed by washing in O.lxSSC at 62-67° C. for approxi- 
mately an hour. Alternatively, exemplary stringent hybrid- 
ization conditions are hybridization in 45-55% formamide, 
4xSSC at 40-45° C. Also included are DNA sequences 
which hybridize to the complement of the nucleic acid 
sequence set forth in SEQ ID NO:l under relaxed hybrid- 
ization conditions and which encode the variants of IL-lra. 
Examples of such relaxed stringency hybridization condi- 
tions are 4xSSC at 45-55° C. or hybridization with 30-40% 
formamide' at 40-45° C. 

Also provided by the present invention are recombinant 
DNA constructs involving vector DNA together with the 
DNA sequences encoding the desired proteins. In each such 
DNA construct, the nucleic acid sequence encoding a 
desired protein (with or without signal peptides) is in 
operative association with a suitable expression control or 
regulatory sequence capable of directing the replication 
and/or expression of the desired protein in a selected host. 
Recombinant Expression 

Preparation of Polynucleotides 

Nucleic acid sequences encoding IL-lra or variants of 
IL-lra can readily be obtained in a variety of ways 
including, without limitation, chemical synthesis, cDNAor 
genomic library screening, expression library screening and/ 
or PCR amplification of cDNA. These methods and others 
which are useful for isolating such nucleic acid sequences 
are set forth in Sambrook et al. (1989), Molecular Cloning: 
A Laboratory Manual, Cold Spring Harbor Laboratory 
Pres.s, Cold Spring Harbor, N.Y.; by Ausubel et al. (1994), 
eds. Current Protocols in Molecular Biology, Current Pro- 
tocols Press; and by Berger and Kimmel (1987), Mellwds in 
Enzymology: Guide to Molecular Cloning Techniques, Vol. 
152, Academic Pres.s, Inc., San Diego, Calif., the disclosures 
of which are hereby incorporated by reference. 

Chemical synthesis of nucleic acid sequences can be 
accomplished using methods well known in the art, such as 
those set forth by Engels et al. (1989), A/igw. Cliem. Intl. 
Ed., 28:716-734 md Wells ct al. (1985), Gene, 34:315, the 
disclosures of which are hereby incorporated by reference. 
These methods include, inter alia, the phosphotriester, phos- 
phoramidite and H-phosphonate methods of nucleic acid 
sequence synthesis. Large nucleic acid sequences, for 
example those larger than about 100 nucleotides in length, 
can be synthesized as several fragments. The fragments can 
then be ligated together to form nucleic acid sequences 
encoding a desired protein. A preferred method is polymer- 
supported synthesis using standard phosphoramidite chem- 
istry. 

Alternatively, a suitable nucleic acid sequence may be 
obtained by screening an appropriate cDNA library (i.e., a 
library prepared from one or more tissue sources believed to 
express the protein) or a genomic library (a library prq}arBd 
from total genomic DNA). The source of the cDNA library 
is typically a tissue from any species that is believed to 
express a desired protein in reasonable quantities. The 
source of the genomic library may be any tissue or tissues 
from any mammalian or other species believed to harbor a 
gene encoding a desired protein. 

Hybridization mediums can be screened for the presence 
of DNA encoding a desired protein using one or more 
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nucleic acid probes (oligonucleotides, cDNA or genomic 
DNA fragments that possess an acceptable level of homol- 
ogy to the cDNA or gene to be cloned) that will hybridize 
selectively with cDNA(s) or gene(s) present in the library. 
The probes typically used tor such screening encode a small 
region of DNA sequence from the same or a similar species 
as the species from which the library was prepared. 
Allernalively, the probes may be degenerate, as discus.sed 
JO herein. 

Hybridization is typically accomplished, by annealing an 
oligonucleotide probe or cDNA to the clones under condi- 
tions of stringency that prevent non-specific binding but 
permit binding of those clones that have a significant level 
of homology with the probe or primer. Typical hybridization 
and wa.shing stringency conditions depend in part on the size 
(e.g., number of nucleotides in length) of the cDNA or 
oligonucleotide probe and whether the probe is degenerate. 
,Q The probability of identifying a clone is also considered in 
designing the hybridization medium (e.g., whether a CDNA 
or genomic library is being screened). 

Where a DNA fragment (such as a CDNA) is used as a 
probe, typical hybridization conditions include those as set 
forth in Ausubel et al. (1994), eds:, supra. After 
hybridization, the hybridization medium is washed at a 
suitable stringency depending on several factors such as 
probe size, expected homology of probe to clone, the 
,g hybridization medium being screened, the number of clones 
being screened and the like. Examples of stringent washing 
solutions, which arc usually low in ionic strength and are 
used at relatively high temperatures, are as follows: one such 
stringent wash is 0.015 M NaCl, 0.005 M NaCitrate and 
-'f ().1%- SDS at 55-65° C; another such stringent wash is 1 
mM Na,EDTA, 40 mM NaHPOj, pH 7.2 and 1% SDS at 
about 40-50° C; and one other stringent wash is 0.2xSSC 
and 0.1% SDS al aboul .50-65" C. 

There arc also exemplary protocols for slringcnt washing 
conditions where oligonucleotide probes are used to screen 
hybridization media. For example, a first protocol uses 
6xSSC with 0.05 percent sodium pyrophosphate at a tem- 
perature of between about 35° C. and 63° C, depending on 
45 the length of the probe. For example, 14 base probes are 
washed at 3.5-40° C, 17 base probes at 45-50° C, 20 base 
probes at 52-57° C, and 23 base probes at 57-63° C. The 
temperature can be increased 2-3° C. where background 
non-specific binding appears high. A second protocol uses 
tetramethylammonium chloride (TMAC) for washing. One 
such stringent washing solution is 3 M TMAC, 50 mM 
Tris-HCl, pH 8.0 and 0.2% SDS. 

Another suitable method for obtaining a suitable nucleic 
55 acid sequence is the polymerase chain reaction (PCR). In 
this method, cDNA is prepared from poly(A)+RNA or total 
RNA tising the enzyme reverse transcriptase. Two primers, 
typically complementary to two separate regions of CDNA 
(oligonucleotides) encoding the desired protein, are then 
added to the cDNA along with a polymerase such as Taq 
polymerase, and the polymerase amplifies the cDNA region 
between the two primers. 

The oligonucleotide sequences selected as probes or prim- 
es CIS should be of adequate length and sufficiently unambigu- 
ous as to minimize the amount of non-specific binding that 
may occur during screening or PCR amplification. The 
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actual sequence of the probes or primers is usually based on 
conserved or highly homologous sequences or regions. 
Optionally, the probes or primers can be fiiUy or partially 
degenerate, i.e., can contain a mixture of prolxs/primers, all 
encoding the same amino acid sequence but using diflercnl 
codons to do so. An alternative to preparing degenerate 
probes is to place an inosine in some or all of those codon 
po.sitions that vary by species. The oligonucleotide probes or 
primers may be prepared by chemical synthesis methods for 
DNA, as described above, 

DNA encoding the desired proteins may be inserted into 
vectors for further cloning (amplification of the DNA) or for 
expression. Suitable vectors are commercially available, or 
the vector may be specifically constructed. The selection or 
construction of an appropriate vector will depend on (1) 
whether it is to be used for DNA amplification or for DNA 
expression, (2) the size of the DNA to be inserted into the 
vector and (3) the intended host cell to be transformed with 
the vector. 

The vectors each involve a nucleic acid sequence which 
encodes a desired protein operatively linked to one or more 
of the following expres.sion control or regulatory sequences 
capable of directing, controlling or otherwise cfi'ecting the 
expression of a desired protein by a selected host cell. Each 
vector contains various components, depending on its func- 
tion (amplification of DNA or expression of DNA) and its 
compatibility with the intended host cell. The vector com- 
ponents generally include, but are not limited to, one or more 
of the following: a signal sequence, an origin of replication, 
one or mote selection or marker genes, a promoter, an 
enhancer element, a transcription termination sequence and 
the like. These components may be obtained from natural 
sources or be synthesized by known procedures. 

Examples of suitable prokaryotic cloning vectors include 
bacteriophages such as lambda derivatives, or plasmids from 
E. coli (e.g. pBR322, col El, pUC, the F-factor and Blue- 
script® plasmid derivatives (Stratagene, LaJolla, Calif.)). 
Other appropriate expression vectors, of which numerous 
types are known in the art for the host cells described below, 
can also be used for this purpose. 
Signal Sequence 

The nucleic acid encoding a signal sequence may be 
inserted 5' of the sequence encoding a desired protein, e g, 
it may be a component of a vector or it may be a part of a 
nucleic acid encoding the desired protein. For example, the 
nucleic acid encoding the native signal sequence of IL-lra is 
known (U.S. Pat. No. 5,075,222). 
Origin of Replication 

Expression and cloning vectors each generally include a 
nucleic acid sequence that enables the vector to replicate in 
one or more selected host- cells. In a cloning vector, this 
sequence is typically one that enables the vector to replicate 
independently of the host chromosomal DNA and includes 
an origin of replication or autonomously replicating 
sequence. Such sequences are well known. The origin of 
replication from the plasmid pBR322 is suitable for most 
Gram-negative bacteria, and various origins (e.g., SV40, 
polyoma, adenovirus, VSV or BPV) are useful for cloning 
vectors in mammalian cells. Generally, the origin of repli- 
cation is not needed for mammalian expression vectors (for 
example, the SV40 origin is often used only because it 
contains the early promoter). 
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Selection Gene 

The expression and cloning vectors each typically contain 
a selection gene. This gene encodes a "marker" protein 
necessary for the survival or growth of the transformed host 
? cells when grown in a selective culture medium. Host cells 
that are not transformed with the vector will not contain the 
.selection gene and, therefore, they will not survive in the 
culture medium. Typical selection genes encode proteins 
that (a) confer resistance to antibiotics or other toxins, e.g., 

^° ampicillin, neomycin, methotrexate or tetracycline; (b) 
complement auxotrophic deficiencies or (c) supply critical 
nutrients not available from the culture medium. 

Other selection genes may be used to amplify the genes to 
be expres-sed. Amplification is the process wherein genes 
which arc in greater demand for the production of a protein 
critical for growth are reiterated in tandem within the 
chromosomes of successive generations of recombinant 
cells. Examples of suitable selectable markers for mamma- 

20 lian cells include dihydrofolate reductase (DHFR) and thy- 
midine kinase. The cell transformaals are placed under 
selection pressure which only the transformants are uniquely 
adapted to survive by virtue of the markers present in the 
vectors. Selection pressure is imposed by culmring the 
transformed cells under conditions in which the concentra- 
tion of selection agent in the medium is successively 
changed, thereby leading to amplification of both the selec- 
tion gene and the DNA that encodes a desired protein. As a 

,Q resuh, increased quantities of a desired protein are synthe- 
sized from the amplified DNA. 

For example, cells transformed with the DHl-R selection 
gene are first identified by culturing all of the transformants 
in a culture medium that contains methotrexate, a competi- 

■'^ live antagonist of DHFR. An appropriate host cell when 
wild-type DHFR is used is the Chinese hamster ovary cell 
line deficient in DHFR activity (Urlaub and Chasin (1980), 
Proc. Natl. Acad. Sci., USA. 77(7):4216-4220, the disclo- 

^j, sure of which is hereby incorporated by reference). The 
Iraasformed cells are then exposed to increased levels of 
methotrexate. This leads to the synthesis of multiple copies 
of the DHFR gene and, concomitantly, multiple copies of 
other DNA present in the expre.ssion vector, such as the 

■»? DNA encoding a desired protein. 
Promoter 

Expression and cloning vectors each will typically contain 
a promoter that is recognized by the host organism and is 
operably linked to a nucleic acid sequence encoding a 
desired protein. A promoter is an untranslated sequence 
located upstream (5') to the start codon of a structural gene 
(generally within about 100 to 1000 bp) that controls the 
lr;inscriplion and translation of a particular nucleic acid 
sequence, such as thai encoding a desired protein. A pro- 
moter may be conventionally grouped into one of two 
classes, inducible promoters or constitutive promoters. An 
inducible promoter initiates increased levels of transcription 
from DNA under its control in response to some change in 

^° cuUurc conditions, such as the presence or absence of a 
nutrient or a change in temperature. A large number of 
promoters, recognized by a variety of potential host cells, 
are well known. A promoter may be operably linked to the 

65 DNA encoding a desired protein by removing the promoter 
firom the source DNA by restriction enzyme digestion and 
inserting the desired promoter sequence. The native IL-lra 
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promoter sequence may be used lo direcl amplification 
and/or expression of the DNA encoding a desired protein. A 
heterologous promoter is preferred, however, if it permits 
greater transcription and higher yields of the expressed 
protein as compared to the native promoter and if it is 
compatible with the host cell system that has been selected 
for use. For example, any one of the native promoter 
sequences of other IL-1 family members may be used to 
direct amplification and/or expression of the DNA encoding 
a desired protein. 

Promoters suitable for use with prokaryotic hosts include 
the beta-lactamase and lactose promoter systems; alkaline 
phosphatase, a tryptophan (trp) promoter system; a bacterial 
luminescence (luxR) gene system and hybrid promoters 
such a.s the tac promoter. Other known bacterial promoters 
are also suitable. Their nucleotide sequences have been 
published, thereby enabling one skilled in the art to ligate 
them to the desired DNA sequence(s) using linkers or 
adaptors as needed to supply any required restriction sites. 

Suitable promoting sequences for use with yeast hosts are 
also well known in the art. Suitable promoters for use with 
mammalian host cells are well known and include those 
obtained from the genomes of viruses such as polyoma 
virus, fowlpox virus, adenovirus (such as Adenovirus 2), 
bovine papilloma virus, avian sarcoma virus, 
cytomegalovirus, a retrovirus, hepatitis-B virus and, most 
preferably, Simian Virus 40 (SV40). Other suitable mam- 
malian promoters include heterologous mammalian 
promoters, e.g., heat-shock promoters and the actin pro- 
Enhancer Element 

The expression and cloning vectors each will typically 
contain an enhancer sequence to increase the transcription 
by higher eukaryotcs of a DNA sequence encoding a desired 
protein. Enhancers are cis-acting elements of DNA, usually 
from about 10-300 bp in length, that act on the promoter to 
increase its transcription. Enhancers are relatively orienta- 
tion and position independent. They have been found 5' and 
3' to the transcription unit. Yeast enhancers are advanta- 
geously used with yeast promoters. Several enhancer 
sequences available from mammalian genes arc known (e.g., 
globin, elastase, albumin, alpha-feto-protein and insulin). 
Additionally, viral enhancers such as the SV40 enhancer, the 
cytomegalovirus early promoter enhancer, the polyoma 
enhancer, and adenovirus enhancers are exemplary enhanc- 
ing elements for the activation of eukaryotic promoters 
While an enhancer may be spliced into a vector at a position 
5' or 3' to a DNA encoding a desired protein, it is typically 
located at a site 5' from the promoter. 
Transcription Termination 

Expression vectors used in eukaryotic host cells each will 
typically contain a sequence necessary for the termiiiation of 
transcription and for stabilizing the mRNA. Such sequences 
are commonly available from the 5' and occasionally 3' 
untranslated regions of et^ryotic DNAs or cDNAs. These 
regions contain nucleotide segments transcribed as polyade- 
nylated fragments in the untranslated portion of the mRNA 
encoding a desired protein. 
Vector Construction 

The constmction of suitable veaors, each containing one 
or more of the above-listed components (together with the 
coding sequence encoding a desired protein) may be accom- 
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plished by standard ligation techniques. Isolated plasmids or 
DNA fragments are cleaved, tailored and religated in the 
desired order to generate the vector required. To confirm that 
the correct sequence has been constructed, the ligation 

5 mixture may be used to transform E. coli, and successful 
transformants may be selected by known techniques as 
described above. Quantities of the vector from the transfor- 
mants are then prepared, analyzed by restriction endonu- 
clease digestion and/or sequenced to confirm the presence of 
the desired construct. 

A vector that provides for the transient expression of DNA 
encoding a desired protein in mammalian cells may also be 
used. In general, transient expres.sion involves the use of an 

j5 expression vector that is able to replicate cfScicntly in a host 
cell, such that the host cell accumulates many copies of the 
expression vector and. in turn, synthesizes high levels of the 
desired protein encoded by the expres.sion vector. Each 
transient expression system, comprising a suitable expres- 

20 sion vector and a host cell, allows for the convenient positive 
identification of proteins encoded by cloned DNAs as well 
as for the rapid screening of such proteins for desired 
biological or physiological properties, i.e., identifying a 
biologically-active variant of IL-lra protein. 

25 Host Cells 

Any of a variety of recombinant host cells, each of which 
contains a nucleic acid sequence for use in expressing a 
desired protein, is also provided by the present invention. 
,(j Exemplary prokaryotic and eukaryotic host cells include 
bacterial, mammalian, fungal, insect, yeast or plant cells. 

Prokaryotic host cells include but arc not limited to 
eubacteria such as Gram-negative or Gram-positive organ- 
isms (e.g., E. coli (HBlOl, DH5a, DHIO and MC1061); 
35 Bacilli, such asB. subtilis; Pseudomonas, such as/^ aerugi- 
nosa; Streptomyces spp.; Salmonella typliiimiriiim; or Ser- 
ratia marcescans. As a pacific embodiment, a desired 
protein may be expressed in E. coli. 

In addition to prokaryotic host cells, eukaryotic microbes 
such as filamentous fungi or yeast may be suitable hosts for 
the expression of a desired protein. Saccharomyces 
cerexnsiac, or common baker's yeast, is the most commonly 
used among lower eukaryotic host microorganisms, but a 
4.'! number of other genera, species and strains are well known 
and commonly available. 

A desired protein may be expressed in glycosylated form 
by any one of a number of suitable hast cells derived from 
multicellular organisms. Such host cells are capable of 
complex processing and glycosylation activities. In 
principle, any higher eukaryotic cell culture might be used, 
whether such culture involves vertebrate or invertebrate 
cells, including plant and insect cells. As a specific 
55 emlx)diment, a desired protein may be expressed in bacu- 
lovirus ceUs. 

Vertebrate cells may be used, as the propagation of 
vertebrate cells in culture (tissue culture) is a well-known 
procedure. Examples of usefiil mammalian host cell lines 
include but are not limited to monkey kidney CVl hne 
transformed by SV40 (COS-7), human embryonic kidney 
line (29.^ cells or 293 cells subcloned for growth in suspen- 
sion culture), baby hamster kidney cells and Chinese ham- 
55 ster ovary cells. Other suitable mammalian cell lines include 
but are not limited to HeLa, mouse L-929 cells, 3T3 lines 
derived from Swiss, Balb-c or NIH mice, and BHK or HaK 
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hamster cell lines. As a specific embodiment, a desired 
protein may be expressed in COS cells. 

A host cell may be Iransfecled and preferably transformed 
with a desired nucleic acid under appropriate conditions 
permitting the expression of the nucleic acid sequence. The ' 
selection of suitable host cells and methods for 
transformation, culture, amplification, screening and prod- 
uct production and purification are well known in the art 
(Gething and Sambrook (1981), Nature, 293:620-625 or, ^ 
alternatively, Kaufman et al. (1985), MoL Cell. Biol, 5(7) 
:1750-1759, or U.S. Pat. No. 4,419,446, the disclosures of 
which are hereby incorporated by reference). For example, 
for mammalian ceils without cell walls, the calcium phos- 
phate precipitation method may be used. Electroporation, 
micro-injection and other known techniques may also be 

It is also possible that a desired protein may be produced 
by homologous recombination or with recombinant produc- ,q 
tion methods utilizing control elements introduced into cells 
already containing DNA encoding the desired protein. 
Homologous recombination is a technique originally devel- 
oped for targeting genes to induce or correct mutations in 
transcriptionally-aclive genes (Kucherlapati (1989), Prog, in -5 
Nucl. Acid Res. and Mol. Biol, 36:.301, the disclosure of 
which is hereby incorporated by reference). The basic tech- 
nique was developed as a method for introducing specific 
mutations into specific regions of the mammalian genome 
(Thomas et al. (1986), Cell, 44:419^28; Thomas and ' 
Capecchi (1987), Cell, 51:503-512 and Doet.schman et al. 
(1988), Proc. Natl. Acad. Sci.. 85:8583-8587, the di.sclo- 
sures of which are hereby incorporated by reference) or to 
correct specific mutations within defective genes 35 
(Doelschman et al. (1987), Nature, 330:576-578, the dis- 
closure of which is hereby incorporated by reference). 
Exemplary techniques are described in U.S. Pat. No. 5,272, 
071; WO 92/01069; WO 93/03183; WO 94/12650 and WO 
94/31560, the disclosures of which are hereby incorporated 
by reference. 

Through homologous recombination, the DNA sequence 
to be inserted into the genome can be directed to a specific 
region of the gene of interest by attaching it to targeting 45 
DNA. The targeting DNA is DNA that is complementary 
(homologous) to a region of the genomic DNA. Small pieces 
of targeting DNA that are complementary to a specific 
region of the genome are put in contact with the parental 
strand during the DNA repMcation process. A general prop- 
erty of DNA that has been inserted into a cell is to hybridize 
and therefore reccMibine with other pieces of endogenous 
DNA through shared homologous regions. If this comple- 
mentary strand is attached to an oligonucleotide that con- jj 
tains a mutation or a different sequence of DNA, it too is 
incorporated into the newly synthesized strand a.s a resuh of 
the recombination. As a result of the proofreading function, 
it is possible for the new sequence of DNA to serve as the 
terhplate. Thus, the transferred DNA is incorporated into the * 
genome. 

If the sequence of a particular gene is known, such as the 
nucleic acid sequence of a desired protein, the expression 
control sequence (a piece of DNA that is complementary to 
a selected region of the gene) can be synthesized or other- 
wise obtained, such as by appropriate restriction of the 



DNA at specific recognition sites bounding the region 
Test. This piece serves as a targeting sequence upon 
the cell and will hybridize to its homologous 
region within the genome. If this hybridization occurs dur- 
ing DNA replication, this piece of DNA, and any additional 
.sequence attached thereto, will act as an Okazaki fragment 
and will be hackstitched into the newly synthesized daughter 
strand of DNA. 

Attached to these pieces of targeting DNA are regions of 
DNA which may interact with the expression of a desired 
protein. For example, a promoter/enhancer element, a sup- 
pressor or an exogenous transcription modulatory element is 
inserted into the genome of the intended host cell in prox- 
imity and orientation suiBcient to influence the transcription 
of DNA encoding the desired protein. The control element 
does iKJt encode a desired protein but instead controls a 
portion of the DNA present in the host cell genome. Thus, 
the expression of a desired protein may be achieved not by 
transfection of DNA that encodes a desired protein, but 
rather by the use of targeting DNA (containing regions of 
homology with the endogenous gene of interest), coupled 
with DNA regulatory segments that provide the endogenous 
gene sequence with recognizable agnals for transcription of 
a desired protein. 
Culturing the Host Cells 

The method for culturing each of the one or more recom- 
binant host cells for production of a desired protein will vary 
depending upon many factors and considerations; the opti- 
mum production procedure for a given situation will be 
apparent to those skilled in the art through minimal experi- 
menlalion Such recombinant host cells are cultured in a 
.suitable medium and the expressed protein is then optionally 
recovered, isolated and purified from the culture medium (or 
from the cell, if expressed iniracellularly) by an appropriate 
means known to those skilled in the art. 

Specifically, each of the recombinant cells used to pro- 
duce a desired protein may be cultured in media suitable for 
inducing promoters, selecting suitable recombinant host 
cells or amplifying the gene encoding the desired protein. 
The media may be supplemented as necessary with hor- 
mones and/or other growth factors (such as insulin, trans- 
ferrin or epidermal growth factor), salts (such as sodium 
chloride, calcium, magnesium and phosphate), buffers (such 
as HEPES), nucleosides (such as adenosine and thymidine), 
antibiotics (such as gentamicin), trace elements (defined as 
inorganic compounds usually present at final concentrations 
in the miciomolar range), and glucose or another energy 
source. Other supplements may also be included at appro- 
priate concentrations, as will be appreciated by those skilM 
in the art. Suitable culture conditions, such as temperature, 
pH and the like, are also well known to those skilled in the 
art for use with the selected host cells. 

The resulting expression product may then be purified to 
near homogeneity by using procedures known in the art. 
Exemplary purification techniques are taught in U.S. Pat. 
No. 5,075.222. and WO 91/08285. Preferably, expression 
product is produced in a substantially pure form. By "sub- 
stantially pure" is meant IL-lra, in an unmodified form, has 
a comparatively high specific activity, preferably in the 
range of approximately 150,000-500,000 receptor units/mg 
as defined in Hannum et al. (1990), Nature, 343:336-340 
and Eisenberg et al. (1990), Nature, 343:341-346, both of 
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which are specifically incorporated herein by reference. It is of liposomes or microsphe res. Such composilions may influ- 

to be recognized, however, that a variant of IL-lra can have ence the physical state, stability, rate of in vivo release, and 

a different specific activity. rate of in vivo clearance of the present proteins and deriva- 

Pharmaceutical Compositions ,ives. The optimal pharmaceutical formulation for a desired 

Pharmaceutical compositions generally will each typi- ,^ p^lein will be determined by one skiUed in the art depend- 

cally include a therapeutically effective amount of at leas. -^^ admini.slralion and desired dosage, 

one ot an IL-lra, a vanant of IL-lra or a chemical denvalive rr„„„,i„,„ ™ , i . i- i j 

thereof (collectively hereinafter referred to as an "IL-lra ?'7'"> p ™' " compositions are di.sclosed m 

product") m a vehicle. In one embodiment, the vehicle ^7^"'^ Pf (i995),5,oco«;«g«,. a,en,, 6:332-351 

includes one or more pharmaceutically and physiologicaUy if^TJT' ' ^j!''"""'"'''''^' ^ (^^^°>- 

acceptable tbrmulation materials. In one embodiment, the ^^''^ Co., Easton, Pa. 18042, pages 1435-1712, 

Il.-lra product is formulated in a vehicle which does not disclosures of which are hereby incorporated by refer- 

contain a controlled release material. In another ence. Speciffc controlled release compositions are available 

embodiment, the IL-lra product is formulated in a vehicle , following suppUers: DepoTech Corp.. San Diego, 

which does contain a controlled release material. Calif. (Depofoam™, a multivesicular liposome) and 

The primary solvent in a vehicle may be either aqueous or Alkermes, Inc., Cambridge, Mass. (FroLease™, a PLGA 

non-aqueous in nature. In addition, the vehicle may contain microsphere). 

other pharmaceutically acceptable cxcipicnts for modifying In a specific embodiment, the present invention is directed 

or maintaining the pH, preferably between 6.0 and 7.0, more 20 drug delivery systems based on hyaluronan in soluble or 

preferably 6.5 (e.g., buffers such as citrates, phosphates and non-soluble cross-linked forms. As used herein, hyaluronan 

amino acids such glycine); bulking agents for lyophilized is intended to include hyaluronan, hyaluronic acid, salts 

formulation (e.g., mannitol and glycine); osmolarity (e.g., thereof (such as sodium hyaluronate), esters, ethers, enzy- 

mannitol and sodium chloride); surfactants (e.g., polysor- matic derivatives and cross-linked gels of hyaluronic acid, 

bate 20, polysorbate 80, Iriton, and pluronics); viscosity; 25 and chemically modified derivatives of hyaluronic acid 

clarity; color; sterility; stability (e.g., sucrose and sorbitol); (such as hylan). Non-modified or modified hyaluronic acid 

antioxidants (e.g., sodium sulfite and sodium hydrogen- serves as a vehicle which provides slow release of a drug 

sulfite); preservatives (e.g., benz»ic acid and salicylic acid); from a system. 

odor of the formulation; flavoring and diluting agents; rate The hyaluronan may be of any type already recognized as 

of dissolution (e.g., solubilizers or .solubilizing agents such useful lor such pui^joses. It may be extracted from various 

as alcohols, polyethylene glycols and sodium chloride), rate non-limiting materials such as rooster combs or umbilical 

of release; emulsifying agents; suspending agents; solvents; cords or from bacterial cultures such as those of hemolytic 

fillers; delivery vehicles; diluents; excipients and/or phar- group A or C streptococci. Exemplary forms of hyaluronan 

maceutical adjuvants. Other efiEective administration forms 35 ate disclosed in Peyron and Balazs (1974), Path. Biol, 

such as parenteral inhalant mists, orally-active formulations 22(8): 731-736; Isdalc ct al. (1991), J. Drug Dew, 4(2) 

or suppositories are also envisioned. The optimal phatma- :9.3-99; Larsen et al. (1993), Journal of Biomedical Mate- 

ceutical formulation for a desired protein will be determined riah Reseiirdi, 27: 11 29-1134; Namiki, el al. ( 19&2), Imer- 

by one skilled in the art depending upon the route of ^ national Journal of Clinical Pharmacology, Tlierapy and 

administration and desired dosage (Remington s Pliamia- Toxicology, 2CKll):501-507; Meyer et al. (1995), Journal of 

ceutical Sciences, 18th Ed. (1990), Mack Publishing Co., Controlled Release, 35:67-72; Kikuchi et al. (1996), 

Easton, Pa. 18042, pages 1435-1712, the disclosure of Osteoarthritis and Cartilage, 4:99-110; Sakakibara et al. 

which Ls hereby incorporated by reference). Specific phar- (1994), Clinical Orthopaedics and Related Researcli, 

maceutical formulations are as follows: 10 millimolar 45 299:282-292; Meyers and Brandt (199.5), 22(9):1732-1739; 

sodium citrate, 140 millimolar sodium chloride, 0.5 milli- Laurent et al. (1995),Acla OrlhopScand, 66(266): 11 6-120; 

molarEDTA, 0.1% polysorbate 80 (w/w) in water, pH 6.5 Cascone et al. (1995), Biomaterials, 16(7):.569-574; 

("citrate buffer formulation"); and 10 millimolar sodium Yerashalmi et al. (1994), Arcliives of Biochemistry and 

phosphate, 140 millimolar sodium chloride, between 0.1% _ Biophysics, 313(2):267-273; Bematchezet al. (1993)^ Jot<r- 

(wtAvt) and 0.01% polysoibate 80 (w/w) in water, and, nal of Biomedical Materials Researcli, 27(5):677-681; Tan 

optionally, 0.5 millimolar EDTA, pH 6.5 ("phosphate buffer et al. (1990), Australian Journal of Biotechnology, 4(1) 

formulation"). :38^3; Gombotz and Pettit (1995), Bioconjugate Client., 

In another embodiment the controlled release polymer 6:332-351; U.S. Pat. Nos. 4,582,805, 4,605,691, 4,636,524, 

may be selected from bulk ero.sion polymers (e.g., poly .sj 4,713,448, 4,716,154, 4,716,224, 4,772,419, 4,851,521, 

(lactic-co-glycolic acid) (PLGA) copolymers, PLGA poly- 4,957,774, 4.863,907, 5,128326, 5,202,431, 5,336,767, 

mer blends, block copolymers of PEG, and lactic and 5356,883; European Patent Application Nos. 0 507 604 A2 

glycolic acid, poly(cyanoacrylates)); .surface erosion poly- and 0 718 312 A2; and WO 96/05845, the disclosures of 

mers (e.g., poly(anhydrides) and poly(ortho esters)); hydro- which are hereby incorporated by reference, 

gel esters (e.g., pluronic polyols, poly(vinyl alcohol), poly The hyaluronan should be pure enough to avoid provok- 

(vinylpyrrolidone), maleic anhydride-alkyl yinyl ether ing an adverse or toxic reaction in the mammal being 

copolymers, poly(2-hydroxyethyl methacrylate) (pHEMA), treated. This implies that it be free of pyrogens and have a 

methacrylic acid (MAA), blends of pHEMA and MAA, sufficiently low level of proteins and/or nucleic acids with 

cellulose (e.g., carboxymethylcellulose), hyaluronan, 55 which hyaluronan is naturally associated, so that no sub- 

alginate, collagen, gelatin, albumin, and starches and stantial immune reaction is provoked. Suitable purification 

dextrans) and composition systems thereof; or preparations procedures are described in U.S. Pat. Nos. 4,141.973, 5.411, 
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874, 5,442,053, 5,559,104. 5,563,051 and Japanese Patent 
Application Nos. 14594/1977, 67100/1979 and 74796/1980, 
the disclosures of which are hereby incorporated by refer- 

The hyaluronan may be in its free acid form or in any 
pharmacologically acceptable salt form. Also, as salts, there 
may be mentioned an alkali metal salt such as sodium or 
polassium salt and an alkaline earth metal salt such as 
calcium or magnesium salt. The preferred source of hyalu- 
ronan is a culture of an appropriate microorganism. 

Hyaluronan having a molecular weight within a wide 
range can be used in the present invention. The molecular 
weight of hyaluronan is generally between 0.1x10*' and 
1x10', preferably between 0.5x10* and 5x10**, more pref- 
erably between 1x10* and 5x10* and most preferably 
between 1x10* and 4x10* (e.g., between 1x10* and 2x10*). 

Increasing the molecular weight of hyaluronan by 
crosslinking has been accomplished in a number of ways. 
Sakuria et al, in U.S. Pat. No. 4,716,224, disclose 
crosslinked hyaluronic acid or salts thereof prepared by 
crosslinking hyaluronic acid or its salts with a polyfunc- 
tional epoxide. In U.S. Pat. No. 4,863,907, Sakuri el al. 
disclose crosslinked glycosaminoglycan or salts thereof pre- 
pared by crosslinking a glycosaminoglycan or a salt thereof 
with a polyfunctional epoxy compound. Huang ct al., in 
European Patent Application No. 0 507 604 A2, disclose 
ionically crosslinked carhoxyl-containing polysaccharides 
where the crosslinking agent is a compound possessing a 
trivalenl cation. Malson et al., in U.S. Pat. Nos. 4,716,154 
and 4,772,419 disclose crosslinking hyaluronic acid with bi- 
or polyfunctional epoxides or their corresponding 
halohydrias, epihalohydrins or halides, and divinyl sulfone. 
In. U.S. Pat. No. 4,957,744, della Valle et al. disclose 
crosslinking esters of hyaliu-onic acid prepared by estcrify- 
ing the carboxyl groups of hyaluronic acid with polyhydric 
alcohols. Balazs et al., in U.S. Pat. Nos. 4,582,865, 4,605, 
691 and 4,636,524, disclose crosslinking of hyaluronic acid 
and its salts, and of other polysaccharides, by reaction with 
divinyl sulfone. In U.S. Pat. Nos. 5,128,326 and 4,582,865, 
Balazs et al. disclose cro.s.slinking hyaluronic acid with 
formaldehyde, epoxides, polyaziridyl compounds and divi- 
nyl sulfone. In U.S. Pat. No. 4,713,148, Balazs et al. disclose 
chemically modifying hyaluronic acid by reaction with 
aldehydes such as formaldehyde, glutaraldehyde and gly- 
oxal and teach the possibility that crosslinking has occurred. 
In U.S. Pat. No. 5,356,883, Kuo et al. disclose crosslinking 
hyaluronic acid by reaction with biscarbodiimides. In EP 0 
718 312 A2, Nguyen discloses crosslinking hyaluronic acid 
or its salts, and of other polysaccharides, by reaction with di- 
or polyanhydrides. 

The hyaluronan concentration in the products, based on 
the .soluble polymers, can be in the range of from about 
0.05% to 5% by wt. and higher, depending on the end use of 
the product, preferably between 0.1% to 4% by wt, more 
preferably between 1% to 3% by weight. The concentration 
of IL-1 inhibitor can be varied over very broad limits and 
preferably should be chosen depending upon the solubility 
of the IL-1 inhibitor, its pharmacological activity, the desir- 
able effect of the end product, etc. 

The crosslinked hyaluronan is usually dissolved in a 
solvent (e.g., physiological .saline) to such a sufEknent vis- 
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cosity to pass through an injection needle. Low viscosity 
material greatly facilitates the injection by allowing, for 
instance, the use of a concentrated aqueous hyaluronan 
solution in practical size doses. Thus, for example, a 1% 

-"^ aqueous solution of hyaluronan can be readily utilized for 
injection doses of about 10 milliliters, which each contain 
about 100 milligrams of active ingredient if its viscosity is 
less than about 200 c/s at 37° C. (as determined using a 
Cannon-Manning Semi-Micro \^scomet6r according to the 

" procedures in ASTM D 445 and D 2515). 

The drug delivery system according to the present inven- 
tion includes the following: 

1) hyaluronan solutions in which a drug substance is dis- 
j j solved or dispersed; 

2) a cross-linked hyaluronan gel forming a macromolccular 
"cage" in which a drug substance is dispersed; 

3) A cross-linked mixed gel of hyaluronan and at least one 
other hydrophilic polymer in which a drug substance is 
dispersed; and 

4) A cross-linked gel of hyaluronan or cross-linked mixed 
gel of hyaluronan and at least one other hydrophilic 
polymer containing a drug substance which is covalently 
attached to the macromolecules of hyaluronic acid or the 

other pulymcr. 

25 There are .several methods tor combining a drug with the 
gel and, accordingly, several types of products which can be 
obtained. 

One of the methods comprises diffusing a drug into a gel 

j„ when the gel is put into a solution of the drug, The diffusion 
process is usually slow and depends upon the drug 
concentration, temperature of the solution, size of the gel 
particles, etc. The product obtained by this method is a gel 
in which a drug substance is uniformly dispersed. 

35 The same type of product can be obtained by dehydrating 
a hyaluronan gel and reswelling it in a drug solution. To 
dehydrate a gel one can use a water-miscible organic solvent 
or, alternatively, water from a gel can be removed by drying. 
However, it is preferable to use a solvent because after 
drying at a low or elevated temperature, the gel cannot 
le-swell to its initial degree of swelling. On the other hand, 
after dehydrating with a solvent, the gel swells to the same 
volume it had before the treatment. Preferable solvents are 

45 ethanol and isopropanol, and ketones such as acetone, 
though other solvents can also be used. 

Yet another method can be used to obtain products of this 
type. This method comprises allowing a concentrated hyalu- 

^ ronic acid gel resulting from a cross-linking reaction previ- 
ously carried out in a relatively concentrated solution of 
hyaluronan to swell in a solution of a drug substance. 

Although these three methods all result in products which 
are essentially the same, each of the methods has certain 

55 advantages when compared to any of the other methods for 
any specific product and, hence, the choice of method should 
be made with consideration given to such parameters' as 
nature of the drug, the desired concentration of the drug in 
the system, the delivery rate, etc. 

*° In order to obtain a hyaluronan solution in which a drug 
substance is dissolved or dispersed, any conventional 
method can be used. Hyaluronan from any source can be 
dissolved in water or in physiological saline to a desired 

65 concentration and then a drug is dissolved or di^ersed in the 
resulting solution. Alternatively, a solution or dispersion of 
a drug can be mixed with hyaluronan solution. The polymer 
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concentration is chosen depending upon the end use of the ration can be from 0.1-200 mg/ml, but the preferred con- 
product and the molecular weight of hyaluronan. The drug centralion is 100 mg/ml. The resulting solution or suspen- 
concentration is chosen depending upon Ihe desired activity sion is preferably adjusted so that the pH value is from 6.0 
of the product. to 7.5. 

To load a cross-linked swollen gel with a drug using Ihe ' Once the pharmaceutical compositions have been 

diffusion process, the gel can be put into a drug solution. The formulated, each may be stored in a sterile vial as a solution, 

lime for completion of this process depends upon gel suspension, gel, emulsion, solid, or a dehydrated or lyo- 

parlicle size, gel swelling ratio, temperature of the process, philized powder. Such compositions may be stored either in 

stirring, concentration of the drug in the solution, etc. By jg ready-to-usc form or in a form (e.g., lyophilized) requiring 

proper combination Of these parameters, a swollen gel can reconstitution prior to administration. The preferred storage 

be loaded with a drug in a relatively short period of time. of such formulations is at temperatures at least as low as 4° 

To dehydrate a cross-linked gel with a solvent, it is C. and preferably at -70° C. It is also preferred that such 

enough to put the gel in any form (i.e., as fine particles or as formulations containing IL-lra are stored and administered 

a membrane) into a solvent, preferably a volatile solvent at or near physiological pH. It is presently beheved that 

(e.g., isopropanol), and keep it in the solvent for a sufficient storage and administration in a formulation at a high pH 

amount of time to remove water from the gel. The degree of (i.e., greater than 8) or at a low pH (i.e., less than 5) is 

water removal depends upon the size of the particles or the undesirable, with a pH of preferably between 6.0 and 7.0 

membrane thickness, the gel/solvent ratio, etc. Treatment ,g being preferable and a pH of 6.5 being mote preferable, 

with a solvent can be repeated several times, if desired. The In a ^ecific embodiment, the present invention is directed 

solvent from the gel can be removed by drying under normal to kits tor producing a single-dose administration unit. The 

pres.sure or in a vacuum at room or elevated temperature. kits may each contain both a first container having a dried 

The thusly dehydrated gel, when put into a drug solution, protein and a second container having an aqueous formula- 

reswells to the initial swelling ratio. 25 tion. Kits included within the scope of this invention are 

Specific hyaluronan compositions are available from the single and multi-chambered pre-fiUed syringes; exemplary 
following suppliers: BioMatrix, Inc. Ridgefield, N.J. pre-filled syringes (e.g., liquid syringes, and lyosyringes 
(Synvisc™, a 90:10 mixture of a hylan fluid and hylan gel); such as Lyo-Jcct®, a dual-chamber pie-filled lyosyringe) are 
Fidia S.p.A., Abano Terme, Italy (Hyalgan™, the sodium ,p available from Vetter GmbH, Ravensburg, Germany, 
salt of a rooster comb-derived hyaluronic acid (-500,000 to An IL-1 inhibitor (e g., preferably ll.-lra product 
-700,000 MW)); Kaken Pharmaceutical Co., Ltd., Tokyo, (including, but not limited to, rhulL-Jra I'c fusion proteins) 
Japan (Artz^", a 1% solution of a rooster-comb derived and more preferably IL-lra) may be administered to a 
hyaluronic acid, -700,000 MW); Pharmacia AB, patient in a therapeutically effective amount for the treat- 
Stockholm, Sweden (Healom™, a rooster-comb derived -'5 ment of IL-l-mediated diseases, as defined above, including 
hyaluronic acid, -4x10* MW); Genzyme Corporation, rheumatic diseases (e.g., lyrae disease, juvenile 
Cambridge, Mass. (Sutgicoat™, a recombinant hyaluronic (rheumatoid) arthritis, osteoarthritis, psoriatic arthriti.s, rheti- 
acid); Pronova Biopolymer, Inc. Portsmouth, N.H. matoid arthritis and staphylococcal-indiiced ("septic") 
(Hyaluronic Acid FCH, a high molecular weight (e.g., ^ arthritis). The term "patient" is intended to encompass 
-1.5-2.2x10" MW) hyaluronic acid prepared from cultures animals (e.g., cats, dogs and horses) as well as humans, 
of Streptococcus zooepidennais. Sodium Hyaluronate MV, Further, the IL-1 inhibitor (e.g., preferably IL-lra product 
~1.0-I.6xl0* MW and Sodium Hyaluronate LV, ~1.5-2.2x (including, but not limited to, rhuIL-lra Fc fusion proteins) 
10" MW); Calbiochem-Novabiochem AB, Lautelflngen, and more preferably IL-lra) each may be administered via 
Switzerland (Hyaluronic Acid, sodium salt (1997 company « topical, enteral or parenteral administration including, with- 
catalog number 385908) prepared from Streptococcus sp.). out limitalion, intravenous, intramuscular, intraarterial, 
Intergen Company, Purchase, N.Y. (a rooster-comb derived intrathecal, intracapsular, intraorbital, intracardiac, 
hyaluronic acid, >lxlO'' MW); Diosynth Inc., Chicago, III.; intradermal, intraperitoneal, transtracheal, subcutaneous, 
Amerchol Corp., Edison, NJ. and Kyowa Hakko Kogyo subcuticular, intra-articular, .subcapsular, subarachnoid, 
Co., Ltd., Tokyo, Japan. intraspinal, intraventricular and intrastemal injection and 

In a preferred embodiment of the present invention, infusion. An IL-1 inhibitor (e.g., preferably IL-lra product 

IL-lra in the form of finely divided particles is dissolved or (including, but not limited to, rhuIL-lra Fc fusion proteins) 

suspended in a 0.1-5% w/v solution of hyaluronan or its salt and more preferably IL-lra) may also be administered via 

(e.g., sodium hyaluronate) as a dry powder or in water or an 55 oral administration or be administered through mucus 

aqueous solvent (e.g., physiological saline solutions such as membranes, that is, intranasally, sublingually, buccally or 

a water-soluble sodiimi salt, 3 to 5% glucose solutions and rectally for systemic delivery. 

3 to 5% xylitol solutions and citrate or phosphate buffer It is preferred that an II^l inhibitor (e.g., preferably 

formulations). The hyaluronan and IL-lra can be mixed IL-lra product (including, but not limited to, ttiuIL-lra Fc 

using means such as injecting IL-lra solution back and forth fusion proteins) and more preferably IL-lra) is administered 

from one syringe to a second syringe containing the via intra-articular, subcutaneous, intramu.scular or intrave- 

byaluronan, or by stirring, or by microfluidization. The nous injection. Additionally, an IL-1 inhibitor (e.g., prefer- 

IL-lra mixtures can be stored at (»-5° C. without degradation ably IL-lra product (including, but not limited to, rhuIL-lra 

or aggregation of the protein. The hyaluronan concentration 55 Fc fusion proteins) and more preferably IL-lra) may be 

can range from 0.1-5% w/v, but the preferred concentration administered by a continuous infiision (e.g., constant or 

is 2%. Likewise, the final IL-lra concentration in the prepa- intermittent implanted or external infusion flow-modulating 
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devices) so as to continuously provide the desired level of an 
IL-1 inhibitor (e.g., preferably IL-lra product (including, but 
not limited to, rhuIL-lra Fc fusion proteins) and more 
preferably IL-lra) in the blood for the duration of the 
administration. This is most preferably accomplished by ^ 
means of continuous infusion via, e.g., mini-pump such as 
osmotic mini-pump. In these ways, one can be assured that 
the amount of drug is rpaintained at the desired level and one 
can take blood samples and monitor the amount of drug in 
the bloodstream. Various pumps are commercially available, 
such as the Alzet osmotic pump, model 2MLI, Alza Corp., 
Palo Alto, Calif. 

By way of example but not limitation, in one specific 
embodiment IL-1 inhibitors (e.g., preferably IL-lra product jj 
(including, but not limited to, rhulL-lra Fc fusion proteins) 
and more preferably IL-lra) may be administered intra- 
articularly for the treatment of rheumatoid arthritis and 
osteoarthritis. By way of example but not limitation in 
another specific embodiment, IL-1 inhibitors (e.g., prefer- 20 
ably IL-lra product (including, but not limited to, rhuIL-lra 
Fc fusion proteins) and more preferably IL-lra) may be 
administered subcutaneou,sly or intramuscularly for the 
treatment of rheumatoid arthritis, inflammatory bowel 
disease, multiple sclerosis, multiple myeloma, or royelog- 25 
enous (e.g., AML and CML) and other leukemias. By way 
of example but not limitation, in a still further specific 
embodiment IL-1 inhibitors (e.g., preferably IL-lra product 
(including, but not limited to, rhuIL-lra Fc fusion proteins) ,q 
and more preferably IL-lra) may be administered intrave- 
notisly for the treatment of brain injury as a result of trauma, 
epilepsy, hemorrhage or stroke, or for the treatment of 
graft-vcrsus-host disease; or administered intraventricularly 
for the treatment of brain injury as a result of trauma. is 

Regardless of the manner of administration, the treatment 
of IL-l-mediated disease requires a dose or total dose 
regimen of an IL-1 inhibitor (e.g., preferably IL-lra product 
(including, but not limited to, rhulL-Ira Fc fusion proteins) 
and more preferably IL-lra) of effective amounts, i.e., 
effective to prevent, reduce or alleviate symptoms of the 
disease, such as to counteract progressive cartilage destruc- 
tion of a joint as caused by degradation of proteoglycans 
which are a molecular component of articular cartilage. As 45 
hyaluronan and IL-lra are naturally occurring substances in 
mammals, it is believed that there is no inherent upper limit 
to the tolerable dose. However, as in all medicinal 
treatments, it is prudent to use no more than is necessary to 
achieve the desired effect. 

TTie specific dose is calculated according to the approxi- 
mate body weight or surface area of the patient. Other 
factors in determining the appropriate dosage can include 
the disease or condition to be treated or prevented, the 55 
severity of the disease, the route of administration, and the 
age, sex and medical condition of the patient. Further 
refinement of the calculations necessary to determine the 
appropriate dosage for treatment is routinely made by those 
skilled in the art, especially in light of the dosage informa- *° 
tion and assays disclosed herein. The dosage can also be 
determined through the use of known assays for determining 
dosages used in conjunction with appropriate dose-response 
data. 

The frequency of dosing depends on the disease and 
condition of the patient, as well as the pharmacokinetic 



parameters of the IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra) used in the 
formulation, and the route of administration. The IL-1 
inhibitor (e.g., preferably IL-lra product (including, but not 
limited to, rhuIL-lra Fc fusion proteins) and more preferably 
IL-lra) may be administered once, or in cases of severe and 
prolonged disorders, administered daily in less frequent 
do.ses or administered with an initial bolus dose followed by 
a continuous dose or sustained delivery. It is also contem- 
plated that other modes of continuous o 
dosing may be practiced. 

Preferred modes of using IL-lra products for tr 
IL-l-mcdiated diseases, as defined above, including acute 
and chronic inflammation such as inflammatory conditions 
of a joint (e.g., rheumatoid arthritis and psoriatic arthritis), 
are set forth in AU 9173636. These modes include: (1) a 
single intra-articular injection of IL-lra given periodically as 
needed to prevent or remedy the flare-up of arthritis and (2) 
periodic subcutaneous injections of IL-lra product. When 
administered parenterally, the unit do.se may be up to 2()0 
mg, generally up to LSO mg and more generally up to 1(K) 
mg. When administered into an articular cavity, the phar- 
maceutical composition is preferably administered as a 
single injection finom a 3 to 10 ml syringe containing a dose 
up to 200 mg/ml, generally up to 150 mg and more generally 
up to 100 mg of IL-1 product dissolved in isotonic phosphate 
buffered saline. The preparation is administered into an 
articular cavity at a frequency of once every 7 to 10 days. In 
such a manner, administration is continuously conducted 4 
to 5 times while varying the dose if necessary. 

Pharmaceutical compositions of the present invention 
may be administered with other therapeutics suitable for the 
indication being treated. An IL-1 inhibitor product (e.g., 
preferably IL-lra product (including, but not limited to, 
rhulL-lra Fc fusion proteins) and more preferably IL-lra) 
and any of one or more additional anti-inflammatory drugs 
may be administered separately or in combination. Infor- 
mation regarding the following compounds can be found in 
The Merck Manual of Diagnosis and Therapy, Sixteenth 
Edition, Merck, Sharp & Dohme Research Laboratories, 
Merck & Co., Rahway, N.J. (1992) and in Pharmaprojects, 
PJB Publications Ltd. 

Present treatment of IL-l-medialed diseases, as defined 
above, including acute and chronic inflammation such as 
rheumatic diseases (e.g., lyme disease, juvenile 
(rheumatoid) arthritis, osteoarthritis, psoriatic arthritis, rheu- 
matoid arthritis and staphylococcal-induced ("septic") 
arthritis) includes first line drugs for control of pain and 
inflammation classified as non-steroidal, anti-inflammatory 
drugs (NSAIDs). Secondary treatments include 
corticosteroids, slow acting antirheumatic drugs (SAARDs) 
or disease modifying (DM) drugs. 

In a specific embodiment, the present invention is directed 
to the use of an IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhulL-lra Fc fusion 
proteins) and more preferably IL-lra) and any of one or 
more NSAIDs for the treatment of IL-l-mediated diseases, 
as defined above, including acute and chronic inflammation 
such as rheumatic diseases (e.g„ lyme disease, juvenile 
(rheumatoid) arthritis, osteoarthritis, psoriatic arthritis, rheu- 
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maloid arthritis and staphylococcal-induced ("septic") 
arthritis); and graft versus host disease. NSAIDs owe their 
anti-inflammatory action, at least in part, to the inhibition of 
prostaglandin synthesis (Goodman and Gilman in "The 
Pharmacological Basis of Therapeutics," MacMillan 7lh ' 
Edition (1985)). NSAIDs can be characterized into nine 
groups: (1) salicylic acid derivatives; (2) propionic acid 
derivatives; (3) acetic acid derivatives; (4) fenamic acid 
derivatives; (5) carboxylic acid derivatives; (6) butyric acid jo 
derivatives; (7) oxicams; (8) pyrazoles and (9) pyrazolones. 

In a specific embodiment, the present-invention is directed 
to the use of an IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhuIL-lra Fc fiision 
proteins) and more preferably IL-lra) with any of one or 
more salicylic acid derivatives, prodrug esters or pharma- 
ceutically acceptable salts thereof. Such salicylic acid 
derivatives, prodrug esters and pharmaceutically acceptable 
salts thereof comprise: acetaminosalol, aloxiprin, aiqiirin, 
benorylale, bromosaligenin, calcium acetylsalicylate, cho- 
line magnesium trisalicylate diflusinal, etersalate, fendosal, 
gentisic acid, glycol salicylate, imidazole salicylate, lysine 
acetylsalicylate, mcsalamine, morpholine salicylate, 
1-naphthyl salicylate, olsalazine, parsalmide, phenyl 
acetylsalicylate, phenyl salicylate, salacetamide, salicyla- 
mide 0-acetic acid, salsalate and sulfasalazine. Structurally 
related salicylic acid derivatives having similar analgesic 
and anti-inflammatory properties are also intended to be ,g 
encompassed by this group. 

In a specific embodiment, the present invention is directed 
to the use of an IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra) in combination -'5 
(pretreatment, post-treatment or concurrent treatment) with 
any of one or more propionic acid derivatives, prodrug esters 
or pharmaceutically acceptable salts thereof. The propionic 
acid derivatives, prodrug esters and pharmaceutically ^ 
acceptable salts thereof comprise: alminoprofen, 
beaoxaptofen, bucloxic acid, carprofen, dexiadopiofen, 
fenoprofen, flynoxaprofen, fluprofcn, flurbiprofen, 
furcloprofen, ibuprofen, ibuprofen aluminum, ibuproxam, 
indoprofen, isoprofen, ketoprofen, loxoprofen, miroprofen, 45 
naproxen, oxaprozin, piketoprofcn, pimeprofcn, pirprofen, 
pranoprofen, protizinic acid, pyridoxiprofen, suprofen, 
liaprofenic acid and tioxaprofen. Structurally related propi- 
onic acid derivatives having similar analgesic and anti- 
inflammatory properties are also intended to be encom- 
passed by this group. 

In a specific embodiment, the present invention is directed 
to the use of an IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhuIL-lra Fc fiision 55 
proteins) and more preferably IL-lra) in combination 
(pretreatment, post-treatment or concurrent treatment) with 
any of one or more acetic acid derivatives, prodrug esters or 
pharmaceutically acceptable salts thereof The acetic add 
derivatives, prodrug esters and pharmaceutically acceptable 
salts thereof comprise: acemetacin, alclofenac, amfenac, 
bufexamac, cinmetacin, clopirac, delmetacin, diclofenac 
sodium, etodolac, felbinac, fenclofenac, fendorac, fenclozic 
acid, fentiazac, furofenac, glucamctacin, ibufcnac, 55 
indomethacin, isofezolac, isoxepac, lonazolac, metiazinic 
. acid, oxametacin, oxpinac, pimetacin, proglumetacin. 



sulindac, talmetacin, tiaramide, tiopinac, tolmetin, 
zidomctacin and zomepirac. Structurally related acetic acid 
derivatives having similar analgesic and anti-inflammatory 
properties are also intended to be encompas.sed by this 
group. 

In a specific embodiment, the pre,sent invention is directed 
to the use of an IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra) in combination 
(pretreatment, post-treatment or concurrent treatment) with 
any of one or more fenamic acid derivatives, prodrug esters 
or pharmaceutically acceptable salts thereof. The fenamic 
acid derivatives, prodrug esters and pharmaceutically 
acceptable salts thereof comprise: enfenamic acid, 
etofenamate, flufenamic acid, isonixin, meclofenamic acid, 
meclofenamate sodium, medofenamic acid, mefanamic 
acid, nifiumic acid, talniflumate, terofenamate, tolfenamic 
acid and ufenamate. Structurally related fenamic acid 
derivatives having similar analgesic and anti-inflammatory 
properties arc also intended to be encompassed by this 

In a specific embodiment, the present invention is directed 
to the use of an IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra) in combination 
(pretreatment, post-treatment or concurrent treatment) with 
any of one or more carboxylic acid derivatives, prodrug 
esters or pharmac-eutically acceptable salts thereof. The 
carboxylic acid derivatives, prodrug cslcrs and pharmaceu- 
tically acceptable salts thereof which can be used comprise: 
clidanac, diflynisal, tlufenisal, inoridine, ketorolac and tino- 
ridine. Stmcturally related carboxylic acid derivatives hav- 
ing similar analgesic and anti-inflammatory properties are 
also intended to be encompassed by this group. 

In a specific embodiment, the present invention is directed 
to the use of an IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhulL-lra Fc fusion 
proteins) and more preferably IL-lra) in combination 
(pretreatment, post-treatinent or concurrent treatment) with 
any of one or more butyric acid derivatives, prodrug esters 
or pharmaceutically acceptable salts thereof The butyric 
acid derivatives, prodrug esters and pharmaceutically 
acceptable salts thereof compri.se: bumadizon, butibufen, 
fenbufen and xenbucin. Structurally related butyric acid 
derivatives having similar analgesic and anti-inflammatory 
properties are also intended to be encompassed by this 

In a pacific embodiment, the present invention is directed 
to the use of an IH inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra) in combination 
(pretreatment, post-treatment or concurrent treatment) with 
any of one or more oxicams, prodrug esters or pharmaceu- 
tically acceptable salts thereof. The oxicams, prodrug esters 
and pharmaceutically acceptable salts thereof comprise: 
droxicam, enolicam, isoxicam, piroxicam, sudoxicam, 
tenoxicam and 4-hydroxyl-l,2-benzothiazine 1,1-dioxide 
4-(N-phenyl)-carboxamide. Structurally related oxicams 
having similar analgesic and anti-inflammatory properties 
are also intended to be encompassed by this group. 

In a ^lecific embodiment, the present invention is directed 
to the use of an IL-1 inhibitor (e.g., preferably IL-lra 
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product (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra) in combination 
(pretreatment, post-treatment or concurrent treatment) with 
any of one or more pyrazoles, prodrug esters or pharmaceu- 
tically acceptable salts thereof. The pyrazoles, prodrug 
esters and pharmaceutically acceptable salts thereof which 
may be used comprise: difenamizole and epirizole. Struc- 
turally related pyrazoles having similar analgesic and anti- 
inflammatory properties are also intended to be encom- 
passed by this group. 

In a specific embodiment, the present invention is directed 
to the use of an IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra) in combination 
(pretreatment, post-treatment or concurrent treatment) with 
any of one or more pyrazolones, prodrug esters or pharma- 
ceutically acceptable salts thereof. The pyrazolones, prodrug 
esters and pharmaceutically acceptable salts thereof which 
may be used comprise: apazone, azapropazone, 
bcnzpiperylon, feprazone, mofebutazone, morazone, 

propylphenazone, ramifenazone, suxibuzone and thiazoli- 
nobutazone. Structurally related pyrazalones having similar 
analgesic and anti-inflammatory properties are alst) intended 
to be encompas.sed by this group. 

In a .specific embodiment, the present invention is directed 
to the use of an IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra) in combination 
(pretreatment, post-treatment or concurrent treatment) with 
any of one or more of the following NSAIDS: 
€-acctamidocaproic acid, S-adenosylmcthionine, 3-amino- 
4-hydroxybulyric acid, amixetrine, anitrazafen, antrafenine, 
bcndazac, bendazac lysinate, benzydamine, beprozin, 
bropcramole, bucolome, bufezolac, ciproquazone, 
cloximate, dazidamine, deboxamet, detomidine, 
difenpiramide, difenpyramide, dilisalamine, ditazol, 
emorfazone, fanetizole mesylate, fenflumizole, floctafenine, 
flumizole, flunixin, fluproquazone, fopirtoline, fosfosal, 
guaimesal, guaiazolene, isonixim, lefetamiae HCl, 
leflunomidc, lofemizole, lolifazole, lysin clonixinate, 
meseclazone, nabumetone, nictindole, nimesulide, orgotein, 
orpanoxin, oxaceprolm, oxapadol, paranyline, perisoxal, 
perisoxal citrate, pifoxime, piproxen, pirazolac, pirfenidone, 
proquazone, proxazole, thielavin B, tiflamizole, timegadine, 
tolectin, tolpadol, tryptamid and those designated by com- 
pany code number such as 480156S, AA861i AD1590, 
AFP802, AFP860, AI77B, AP504, AU8001, BPPC, 
BW540C, CHINOIN 127, CNIOO, EB382, EL508, F1044, 
FK-506, GV3658, ITF182, KCNTEI6090, KME4, LA2851, 
MR714, MR897, MY309, ON03144, PR823, PV102, 
PV108, R830, RS2131, SCR1.'52, SH440, SIR133, 
SPAS510, SQ27239, ST281, SY6001, TA60, TAI-901 
(4-benzoyl-l-indancarboxylic acid), TVX2706, U60257, 
UR2301 and WY41770. Structurally related NSAIDs hav- 
ing similar analgesic and anti-inflammatory properties to the 
above NSAIDs are also intended to be encompassed by this 

In a specific embodiment, the present invention is directed 
to the use of an IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhuIL-lra Fc fusion 
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proteins) and more preferably IL-lra) in combination 
(pretreatment, post-treatment or concurrent treatment) with 
any of one or more corticosteroids, prodrug esters or phar- 
maceutically acceptable salts thereof for the treatment of 
IL-l-mcdiated diseases, as defined above, including acute 
and chronic inflammation such as rheumatic diseases (e.g., 
lyme disease, juvenile (rheumatoid) arthritis, osteoarthritis, 
psoriatic arthritis, rheumatoid arthritis and staphylococcal- 

10 induced ("septic") arthritis); graft versus host disease and 
multiple sclerosis. Corticosteroids, prodrug esters and phar- 
maceutically acceptable salts thereof include hydrocortisone 
and compounds which are derived from hydrocortisone, 
such as 21-acetoxypregnenolone, alclomerasone, algestone, 
anicinonidc, beclomethasone, betamethasone, betametha- 
sone valerate, budesonide, chloroprednisone, clobetasol, 
clobetasol propionate, clobetasone, clobeta.sone butyrate, 
clocortolone, cloprednol, corticosterone, cortisone, 

20 cortivazol, deflazacoo, desonide, desoximerasone, 
dexamethasone, diflorasone, diflucortolone, difluprednate, 
enoxolone, fluazacort, flucloronide, flumethasone, flumetha- 
sone pivalate, flunisolide, fiucinolone aceionide, 
fluocinonide, fluorocinolone aceionide, fluocortin butyl, 
fluocortolone, fluorocortolone hexanoate, diflucortolone 
valerate, Huorometholone, fluperolone acetate, flupred- 
nidene acetate, fluprednisolone, flurandenolide, formocortal, 
halcinonide, halometasone, halopredone acetate, 

,Q hydrocortamate, hydrocortisone, hydrocortisone acetate, 
hydrocortisone butyrate, hydrocortisone phosphate, hydro- 
cortisone 21 -sodium succinate, hydrocortisone tebutate, 
mazipredone, medrysone, meprednisone, 
methylprednicolone, mometasone fiiroate, parametbasone, 

-'5 prednicarbate, prednisolone, prednisolone 
21-diedryaminoacetate, prednisolone sodium phosphate, 
prednisolone sodium succinate, prednisolone sodium 21-m- 
sulfobcnzoate, prednisolone sodium 21-stcaroglycolale, 
prednisolone tebutate, prednisolone 21-trimethylacetate, 
prednisone, prednival, prednylidene, prednylidene 
21-diethyIaminoacetate, tixocortol, Iriamcinolone, triamci- 
nolone acetonide, triamcinolone benelonide and triamcino- 
lone hexacetonide. Structurally related corticosteroids hav- 

45 ing similar analgesic and anti-inflammatory properties are 
also intended to be encompassed by this group. 

In a specific embodiment, the present invention is directed 
to the U!se of an IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra) in combination 
(pretFealment, post-treatment or concurrent treatment) with 
any of one or more slow-acting antirheumatic drugs 
(SAARDs) or disease modifying antirheumatic drugs 

55 (DMARDS), prodrug esters or pharmaceutically acceptable 
salts thereof for the treatment of IL-l-mediated diseases, as 
defined above, including acute and chronic inflammation 
such as rheumatic diseases (e.g., lyme disease, juvenile 
(rheumatoid) arthritis, osteoarthritis, psoriatic arthritis, rheu- 

* matoid arthritis and staphylococcal-induced ("septic") 
arthritis); graft versus host disease and multiple sclerosis. 
SAARDs or DMARDS, prodrug esters and pharmaceuti- 
cally acceptable salts thereof comprise: allocupreide 

(j5 sodilim, auranofin, aurothioglucose, aurothioglycanidc, 
azathioprine, brequinar sodium, bucillamine, calcium 
3-aurothio-2-propanoI-l -sulfonate, chlorambucil, 
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chloroquine, clobuzarit, cuproxoline, cyclophosphamide, IL-Ira product (including, but not limited to, rhuIL-lra Fc 

cyclosporin, dapsone, 15-deoxyspergualin, diaccrein, fusion proteins) and more preferably IL-lra) in combination 

glucosamine, gold salts (e.g., cycloquine gold salt, gold (pretreatmenl, post-treatment or concurrent treatment) with 
sodium thiomalate, gold sodium thiosulfate),. any of one or more of the following TNF inhibitors; TNF 

hydroxychloroquine, hydroxyurea, kebuzone, levamisole, " binding proteins (soluble TNF receptor Type I and soluble 

lobenzaril, melittin, 6-mercaptopurine, methotrexate, TNF receptor Type II ("sTNFRs")), anti-TNF antibodies, 

mizoribine, mycophenolate mofetil, myoral, nitrogen granulocyte colony stimulating factor; thalidomide; BN 

mustard, D-penicillamine, pyridinol imidazoles such as 50730; tenidap; E 5531; tiapafant PCA 4248; nimesulide; 

SKNF86002 and SB203580, rapamycin, thiols, thymopoi- lo panavir; rolipram; RP 73401; peptide T; MDL 201,449A; 

etin and vincristine. Structurally related SAARDs or (lR,3S)-Cis-l-[9-(2,6-diaminopurinyl)]-3-hydroxy-4- 

DMARDs having similar analge.sic and anti-inflammatory cyclopentene hydrochloride; (lR,3R)-trans-l-[9-(2,6- 

properties are also intended to be encompassed by this diamino)purine]-3-acetoxyeyclopentane; (lR,3R)-trans-l- 

'group. [9-adenyl)-3-azidocyclopentane hydrochloride and (IR, 

In a specific embodiment, the present invention is directed 3R)-trans-l-[6-hydroxy-purin-9-yl)-3-azidocyclopenlane. 

to the use of an IL-1 inhibitor (e.g., preferably IL-lra TNF binding proteins are disclosed in the art (EP 308 378, 

product (including, but not limited to, rhulL-lra Fc fusion EP 422 339, GB 2 218 101, EP 393 438, WO 90/13575, EP 

proteins) and more preferably IL-lra) in combination 398 327, EP 412 486, WO 91/03553, EP 418 014, JP 

(pretreatmenl, post-treatment or concurrent treatment) with ,g 127300/1991, EP 433 900, U.S. Pat. No. No. 5,136,021, GB 

any of one or more COX2 inhibitors, their prodrug esters or ' 2 246 569, EP 464 533, WO 92/01002, WO 92/13095, WO 

pharmaceutically acceptable salts thereof for the treatment 92/16221, EP 512 528, EP 526 905, WO 93/07863, EP 568 

of IL-l-mediated diseases, as defined above, including acute 928, WO 93/21946, WO 93/19777, EP 417 563, PCT 

and chronic inflammation. Examples of C0X2 inhibitors. International Application No. US97/12244, filed on Jul. 9, 

prodrug esters or pharmaceutically acceptable salts thereof 1997 by Fisher, Edwards and Kicft, entitled on the PCT 

include, for example, celecoxib. Structurally related COX2 Application transmittal letter as "TRUNCATED SOLUBLE 

■ inhibitors having similar analgesic and anti-inflammatory TUMOR NECROSIS FACTOR TYPE-I AND TYPE-II 

properties are also intended to be encompassed by this RECEPTORS" the disclosures of which are hereby incor- 

group. ,g porated by reference). 

In a specific embodiment, the present invention is directed For example, EP393 438 and EP422 339 teach the amino 

to the u.sc of an lL-1 inhibitor (e.g., preferably IL-lra acid and nucleic acid sequences of a "30 kDa TNF inhibitor" 

product (including, but not limited to, rhulL-Ira Fc fusion (also known as the p55 niceptor) and a "40 kDa inhibitor" 

proteins) and more preferably IL-lra) in combination (also known as the p75 receptor) as well as modifled'forms 

(pretreatmenl, post-treatment or concurrent treatment) with 35 thereof (e.g., fragments, functional derivatives and variants), 

any of one or more antimicrobials, prodrug esters or phar- EP 393 438 and EP 422 339 also disclose methods for 

maceutically acceptable salts thereof for the treatment of isolating the genes responsible for coding the inhibitors, 

IL-l-mediated diseases, as defined above, including acute cloning the gene in suitable vectors and cell types and 

and chronic inflammation. Antimicrobials, prodrug esters expressing the gene to produce the inhibitors. Additionally, 

and pharmaceutically acceptable salts thereof include, for polyvalent forms (i.e., molecules comprising more than one 

example, ampicillin, amoxycillin, aureomicin, bacitracin, active moiety) of the above-described TNF inhibitors have 

ceftazidime, ceftriaxone, cefotaxime, cephachlor, also been disclosed. In one embodiment, the polyvalent form 

cephalexin, cephradine, ciprofloxacin, clavulanic acid, may be constructed, for example, by chemically coupling at 

cloxacillin, dicloxacillan, erythromycin, flucloxacillan, 45 least one TNF inhibitor and another moiety with any clini- 

gentamicin, gramicidin, methicillan, neomycin, oxaciUan, cally acceptable linker, for example polyethylene glycol 

penicillin and vancomycin. Structurally related antimicro- (WO 92/16221 and WO 95/34326), by a peptide linker 

bials having similar analgesic and anti-inflammatory prop- (Neve et al. (1996), Cytokine, 8(5):365-370) by chemically 

erties are also intended to be eiKX)mpassed by this group. coupling to biotin and then binding to avidin (WO 

In a specific embodiment, the present invention is directed " 91/03553) and, flnaUy, by constructing chimeric antibody 

to the use of an IL-1 inhibitor (e.g., preferably IHra molecules (U.S. Pat. No. 5,116,964, WO 89/09622, WO 

product (including, but not limited to, rhulL-lra Fc fusion 91/16437 and EP 3150C2). 

proteins) and more preferably IL-lra) in combination Anti-TNF antibodies include MAK 195F Fab antibody 

(pretreatmenl, post-treatment or concurrent treatment) with s.s (Holler et al.(1993), 1st International Symposium on Cytok- 

any of one or more TNF inhibitors for the treatment of ines in Bone Marrow Transplantation, 147); CDP 571 anti- 

IL-l-mediated diseases, as defined above, including acute 'IW monoclonal antibody (Rankin et al. (1995), Britisli 

and chronic inflammation such as rheumatic diseases (e.g.. Journal of Rheumatology, 34:334-342); BAY X 1351 

lyme disease, juvenile (rheumatoid) arthritis, osteoarthritis, murine anti-tumor necrosis factor monoclonal antibody 

psoriatic arthritis, rheumatoid arthritis and staphylococcal- (Kieft et al. (1995), 7th European Congress of Clinical 

induced ("septic") arthritis); brain injury as a result of Microbiology and Infectious Diseases, 9); CenTNF cA2 

trauma, epilepsy, hemorrhage or stroke; and graft versus anti-TNF monoclonal antibody (Elliott et al. (1994), Lancef, 

disease. Such TNF inhibitors include compounds and pro- 344:1125-1127 and Elliott et al. (1994), Lancet, 

teins which block in vivo synthesis or extracellular release 55 344:1105-1110). 

of TNF. In a specific embodiment, the present invention is In a specific embodiment, the present invention is directed 

directed to the use of an IL-1 inhibitor (e.g., preferably to the use of an IL-1 inhibitor (e.g., preferably IL-lra 



us 6,2 

41 

product (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra) in combination 
(pretreatment, post-treatment or concurrent treatment) with 
the soluble recombinant human Fas antigen or recombinant 
versions thereof for the treatment of IL-l-mediated diseases, 
as defined above, including acute and chronic inflammation 
such as rheumatic diseases (e.g., lyme disease, juvenile 
(rheumatoid) arthritis, osteoarthritis, psoriatic arthritis, rheu- 
matoid arthritis and slaphylococcal-induced ("septic") 
arthritis); and graft versus host disease. Soluble recombmanl 
human Fas antigen, and variants thereof-such as a fas fusion 
protein, methods for isolating the genes respoasible for 
coding the soluble recombinant human Fas antigen, methods 
for cloning the gene in suitable vectors and cell types, and 
methods for expressing the gene to produce the inhibitors 
are known (WO 96/20206 and Mountzet al.,X Immunology, 
155:4829-4837, the disclosures of which are hereby incor- 
porated by reference). 

The above is by way of example and does not preclude 
other treatments to be used concurrently with these anti- 
arthritic compounds that are known by those dulled in the 
art or that could be arrived at by those skilled in the art using 
the guidelines set forth in this specification. 

It is especially advantageous to formulate compositions of 
the additional anti-inflammatory compounds in dosage unit 
form for ease of administration and uniformity of dosage. 
"Dosage unit form" as used herein refers to physically 
discrete units suited as unitary dosages for the mammalian 
subjects to be treated, each unit containing a predetermined 
quantity ol additional anti-inflammatory compounds calcu- 
lated to produce the desired therapeutic effect in association 
with the required pharmaceutical carrier. As used herein, 
■pharmaceulically acceptable carrier" includes any and all 
solvents, di.spersion media, coating, antibacterial and anti- 
fungal agents, isotonic and absorption delaying agents and 
the like which are compatible with the active ingredient and 
with the mode of administration and other ingredients of the 
formulation and not deleterious to the recipient. The use of 
such media and agents is well known in the art (Remington's 
Pharmaceutical Sciences, fSth Ed. (1990), Mack Publishing 
Co., Easton, Pa. 18042, pages 1435-1712). An exemplary 
pharmaceutically acceptable carrier is phosphate buEEered 
saline. Supplementary active ingredients can also be incor- 
porated into the compositions. 

For oral therapeutic administration, the additional anti- 
inflammatory compound may be incorporated with excipi- 
ents and used in the form of ingestible tablets, buccal tablets, 
troches, capsules, elixers, suspensions, syrups, wafers and 
the like, or it may be incorporated directly with the food in 
the diet. The tablets, troches, pills, capsules and the like may 
also contain the following: a binder such as gum tragacanth, 
acacia, corn starch or gelatin; excipients such as dicalcium 
phosphate; a disintegrating agent such as corn starch, alginic 
acid and the like; a lubricant such as magnesium stearate; a 
sweetening agent such as sucrose, lactose or saccharin; or a 
flavoring agent such as peppermint, oil of wintergreen or 
cherry or orange flavoring. When the dosage unit form is a 
capsule, it may contain, in addition to material of the above 
type, a liquid carrier. Various other materials may be present 
as a coating or to otherwise modify the physical form of the 
dosage unit. For instance, tablets, pills or capsules may be 
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coated with shellac, sugar or both. Of course, any material 
used in preparing any dosage unit form should be pharma- 
ceutically pure and substantially non-toxic in the amounts 
employed. In addition, the additional anti-inflammatory 

" compound may be incorporated into a controUed-release 
preparation and formulation. The amount of the additional 
aati-inflammatory compound in such a therapeutically use- 
ful composition is such that a suitable dosage will be 

10 obtained. 

For parenteral therapeutic administration, each anti- 
inflammatory compound may be incorporated with a sterile 
injectable .solution. The sterile injectable solution may be 
prepared by incorporating the additional anti-inflammatory 

^' compound in the required amount in an appropriate phar- 
maceutically acceptable carrier, with various other ingredi- 
ents enumerated below (required), followed by filtered ster- 
ilization. In the case of dispersions, each may be prepared by 

20 incorporating the additional anti- inflammatory compound 
into a sterile vehicle which contains the basic dispersion 
medium and the required other ingredients from those 
enumerated above. In the case of sterile injectable solutions, 
each may be prepared by incorporating a powder of at least 

25 one additional anti-inflammatory compound and, oplionaUy, 
any addiikmal desired ingredient from a previously sterile- 
filtered solution thereof, wherein the powder is prepared by 
any suitable technique (e.g., vacuum drying and freeze 
drying). 

The .specific dose of the additional anli-inflammatory 
compound is calculated according to the approximate body 
weight or surface area of the patient. Other factors in 
. determining the appropriate dosage can include the acute or 

-'^ chronic inflammatory disease or condition to be treated or 
prevented, the severity of the disease, the route of 
administration, and the age, sex and medical condition of the 
patient. Further refinement of the calculations necessary to 

^ determine the appropriate dosage for treatment involving 
each of the above-mentioned formulations is routinely made 
by those skilled in the art. Dosages can also be determined 
through the use of known assays for determining dosages 
used in conjunction with appropriate dose-response data. 

45 Thus, for example, it is within the scope of the invention 
that doses of the additional anti-inflammatory compounds 
selected for treating a particular acute or chronic inflamma- 
tory disease can be varied to achieve a desired therapeutic 
effect. Where one of the additional anti-inflammatory com- 
pounds has side effects, it can be given to patients during 
alternate treatment periods of combination therapy. For 
example, chronic methotrexate treatment is associated with 
gastrointestinal, hepatic, bone marrow and pulmonary tox- 

55 icity (Sandoval et al. (1995), British Journal of 
Rheumatology, 34:49-56). 

Tests for monitoring the improvement of a disease can 
include specific tests directed, for example, to the determi- 
nation of systemic response to inflammation, which include 
the erythrocyte sedimentation rate (ESR) and acute phase 
reactants (APR). Observations are made of the swelling, etc. 
of the afflicted body parts. Improvement in stiffness, and grip 
(where applicable), and reduction in pain of the patient is 

65 also observed. If the patient's condition is stable, he is 
re-treated at the same dosage weekly and is evaluated 
weekly. Provided the patient's condition is stable, the treat- 
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men! may be conlinued. After six months of treatment, 
anatomical changes of the skeleton are determined by radio- 
logic imaging, for example by X-radiography. 

At the end of each period, the patient is again evaluated. 
Comparison of the pre-treatment and post-treatment radio- ' 
logical assessment, ESR and APR indicates the efScacy of 
the treatments. According to the efficacy of the tieatmeiits 
and the patient's condition, the dosage may be increased or 
maintained constant for the duration of treatment. 

Preferably, the present invention is directed to a method 
comprising the use of one of the following combinations to 
treat or prevent an acute or chronic inflammatory disease 
and condition, as defined above, such as rheumatic diseases 
(e.g., lyme disease, juvenile (rheumatoid) arthritis, 
osteoarthritis, psoriatic arthritis, rheumatoid arthritis and 
staphylococcal-induced ("septic") arthritis) and the symp- 
toms associated therewith: I IL-1 inhibitor (e.g., preferably 
li^lra product (inchiding, but not limited to, rhuIL-lra Fc 
fusion proteins) and more preferably IL-lra, optionally 20 
formulated with a controlled release polymer (e.g., 
hyaluronan), and methotrexate; IL-1 inhibitor (e.g., prefer- 
ably IL-lra product (including, but not limited to, rhuIL-lra 
Fc fusion proteins) and more preferably IL-lra, optionally 
formulated with a controlled release polymer (e.g., 25 
hyaluronan), and any one or more of methotrexate, sul- 
pbasalazine and hydroxychloroquine; IL-1 inhibitor (e.g., 
preferably IL-lra product (including, but not limited to, 
rhuIL-lra Fc fusion proteins) and more preferably IL-lra, ^ 
optionally Ibnuulatcd with a controlled release polymer 
(e.g., hyaluronan), methotrexate and hydroxychloroquine; 
IL-1 inhibitor (e.g., preferably IL-lra product (including, but 
not limited to, rhuIL-lra Fc fusion proteins) and more 
prefefably IL-lra, optionally formulated with a controlled -^^ 
release polymer (e.g., hyaluronan), methotrexate and sul- 
phasalazine; and IL-1 inhibitor (e.g., preferably IL-lra prod- 
uct (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra, optionally formulated 
with a controlled release polymer (e.g., hyaluronan), meth- 
otrexate and a TNF inhibitor, preferably sTNFRs. 

In a specific preferred embodiment, the method comprises 
the administration (e.g., intra-articular, subcutaneous or 
intramuscular) of an IL-1 inhibitor (e.g., preferably IL-lra 4.*; 
product (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra, optionally formulated 
with a controlled release polymer (e.g., hyaluronan), the 
citrate buffer formulation or the phosphate buffer 
formulation) in combinalion (pretreatment, post-treatment 
or concurrent treatment) with methotrexate atid/or sTNFRs 
to treat arthritis (e.g., osteoarthritis, psoriatic arthritis and/or 
rheumatoid arthritis) and the symptoms associated there- 
with. 5."; 

In a specific preferred embodiment, the method comprises 
the administration (e.g., intravenous or intraventricular) of 
an lL-1 inhibitor (e.g., preferably EL-lra product (including, 
but not limited to, rhuIL-lra Fc fusion proteins) and more 
preferably IL-lra, optionally formulated with a controlled 
release polymer (e.g., hyaluronan), the citrate buffer formu- 
lation or the phosphate buffer formulation) in combination 
(pretreatment, post-treatment or concurrent treatment) with 
tissue plasminogen activator and/or sTNFRs to treat brain 55 
injury as a result of trauma, epilepsy, hemorrhage or stroke, 
each of which may lead to neurodegeneration. 



In a specific preferred embodiment, the method comprises 
the administration (e.g., subcutaneous or intramuscular) of 
an IL-1 inhibitor (e.g., preferably IL-lra product (including, 
but not limited to, rhuIL-lra Fc fusion proteins) and more 
preferably IL-lra, optionally formulated with a controlled 
release polymer (e.g., hyaluronan), the citrate buffer formu- 
lation or the phosphate bu£fer formulation) in combination 
(pretreatment, post-treatment or concurrent treatment) with 
one or more of a corticosteroid, cyclosporiaor an interferon 
(e.g., alpha interferon, beta interferon, gamma interferon and 
consensus interferon) and/or sTNFRs to treat multiple scle- 

In a specific preferred embodiment, the method comprises 
the administration (e.g., intravenous) of an lL-1 inhibitor 
(e.g., preferably IL-lra product (including, but not limited 
to, rhulL-lra Fc fusion proteins) and more preferably IL-lra, 
optionally formulated with a controlled release polymer 
(e.g., hyaluronan), the citrate buffer formulation or the 
phosphate buffer formulation) in combination (pretreatment, 
post-treatment or concurrent treatment) with one or more of 
methotrexate, a corticosteroid, FK506, cyclosporin, a 
soluble fas protein and/or sTNFRs to treat graft versus host 
rejection. 

In a specific preferred embodiment, the method comprises 
the administration (e.g., subcutaneous or intramuscular) of 
an IL-1 inhibitor (e.g., preferably IL-lra product (including, 
but not limited to, rhuIL-lra Fc fusion proteins) and more 
preferably IL-lra, optionally formulated with a controlled 
release pulyoici (e.g.. hyaluronan), the citrate buffer formu- 
lation or the phosphale buffer formulation) in combination 
(pretreatment, post-treatment or conctirrent treatment) with 
G-CSF and/or sTNFRs to treat inflammatory bowel disease. 

In a specific preferred embodiment, the method comprises 
the administration (e.g., subcutaneous or intramuscular) of 
an IL-1 inhibitor (e.g., preferably IL-lra product (including, 
but not limited to, rhuIL-lra Fc fusion proteins) and more 
preferably IL-lra, optionally formulated with a controlled 
release polymer (e.g., hyaluronan), the citrate buffer formu- 
lation or the phosphate buffer formulation) in combination 
(pretreatment, post-treatment or concurrent treatment) with 
interferon (e.g., alpha interferon, beta interferon, gamma 
interferon and consensus interferon) to treat multiple 
myeloma or myelogenous (e.g.. AML and CML) and other 
leukemias. 

In a specific preferred embodiment, the method comprises 
the administration (e.g., subcutaneous, intraventricular or 
intrathecal) of an IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra, optionally formulated 
with a controlled release polymer (e.g., hyaluronan)) in 
combination (pretreatment, post-treatment or concurrent 
treatment) with an NSAID (e.g., indomethacin) and/or sTN- 
FRs to treat Alzheimer's disease. 

In a specific preferred embodiment, the method comprises 
the administration (e.g., local injection, subcutaneous or 
intramuscular) of an IL-1 inhibitor (e.g., preferably IL-lra 
product (including, but not limited to, rhuIL-lra Fc fusion 
proteins) and more preferably IL-lra, optionally formulated 
with a controlled release polymer (e.g., hyaluronan)) to treat 
temporal mandibular joint disease. 

The following examples are included to more fully illus- 
trate the present invention. It is understood that modiflca- 
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tions can be made in the procedures set forth without 
departing from the spirit of the invention. 

EXAMPLES 

Standard methods for many of the procedures described in 
the following examples, or suitable alternative procedures, 
are provided in widely recognized manuals of molecular 
bblogy such as, for example, Sambrook et al.. Molecular 
Cloning, Second Edition, Cold Spring Harbor Laboratory 
Press (1987) and Ausabel el al., Current Protocols in 
Molecular Biology, Greene Publishing Associates/Wiley 
Interscience, New York (1990). All chemicals were either 
analytical grade or USP grade. 

Example 1 

Sample Preparation: An E. co/i-derived human recombi- 
nant IL-1 receptor antagonist (rhuIL-lra), prepared gener- 
ally in accordance with the teachings of U.S. Pal. No. 
5,075,222, was formulated in 10 milUmolar sodium citrate, 
140 millimolar sodium chloride, 0.5 millimolar EDTA, 0.1% 
polysorbate (w/w) in water, pH 6.5 (CSEP). Syringes con- 
taining the formulated IL-lra were then each attached by 
means of a stopcock to a syriiige containing one of the 
following controlled release materials: H-10™ hylan fluid 
(Biomatrix, Inc., Ridgefleld, Inc.), a cross-linked hyaluronic 
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cellulose (catalog #06139, Polysciences, Inc., Warrington, 
Pa.) as a dry powder. The IL-lra was then admixed with the 
control release material by injecting the rhuIL-lra solution 
into the syringe containing the hyaluronic acid and injecting 
the contents back and forth several times to ensure mixing. 

Accordingly, the following formulations were prepared: 
(1) IL-lra (100 mg/ml)/2% H-10™ hylan; (2) IL-lra (KK) 
10 mg/ml)/l% hyaluronic acid; (3) IL-lra (100 mg/ml)/0.5% 
H-10™ hylan; (4) IL-lra (100 rag/ml)/2% hyaluronic acid, 
(5) IL-lra (100 mg/ml)/4% polyvinyl pyrrolidone and (6) 
IL-lra (100 mg/ml)/3% carboxymethyl cellulose. 

15 The various formulations were injected subcutaneously 
into female Lewis rats (200-250 g, Charles River, Portage, 
Mich.). At various times after injection, blood was drawn via 
catheters inserted into the jugular veins of the animals. The 

20 blood was centrifuged to remove blood cells and the remain- 
ing plasma was assayed for IL-lra using an EUSA kit 
(Quantikine™ human IL-lra immunoassay, R&D Systems, 
Minneapolis, Minn.) according to the manufacturer's guide- 

25 lines. The data are expressed as plasma 11^1 ra (fig/ml IL-lra 
in plasma) vs. time after injection, as shown in Table 2 and 
FIG. 1. 



TABLE 2 



Plasma Il^lra (iie/mS) after Subcutaneous Inieclion 

II.- Ira 

(J 00 mg/nil 

Ira IL-lra IL-lra hyaluronic 

ifl mg/'ml)/ (100 mg/ml)/ (100 ragi'ml)/ acid 

10 ™ hylan H-10 ™ hylan H-10™ hylan (Mr 5.7 x 



0.007 ± 



0.004 



0.759 0.714 

9.225 * 6.4S5 ± 

0.948 0.945 

5.146 ± 3.438 ± 

0.449 0.546 

ND* 4.559 I 
0.322 

0.07 ± 0.112 1 

0.016 0.016 

0.01 z 0.013 ± 



acid (Mr' 4x10*) as either a dry powder or dry powder 
reconstituted in PBS; hyaluronic acid (Mr' 570,000) in PBS 
derived from cultures of Streptococcus zooepidemicus 
(catalog #H9390, Sigma, Inc., St.Louis, Mo.) as a dry 
powder; polyvinyl pyrrolidone (Mr LSxlO**) (catalog #43, 65 
719-0, Aldridge Chemical Co., Inc., Milwaukee, Wis.) as a 
dry powder; and carboxymethyl cellulose (carboxymethyl 



As shown in Table 2 and FIG. 1 , incorporation of IHra into 
hyaluronan, polyvinyl pyrrolidone and carboxymethyl cel- 
lulose leads to prolonged elevation of IL-lra plasma levels 
as compared to IL-lra administered alone. 

Example 2 

IL-lra in CSEP was radiolabeled with Na[^^I], and then 
incorporated into H-10™ hylan fluid (2% final), as described 
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above. Radioactive IL-lra or IL-lra/H-lCr" hylan mixlures 

were injected inlraarlicularly into the hind knees of guinea TABLE 4 

pigs (Charles River, Portage, Mich.). At various- times after J^^^ jjjif.ijfj iura Formuli 

injection, the animals were sacrificed and the knee joints ^ Hind Knees RabtiUs after imras 

removed and counted in a gamma counter, as described in laiection 

van Unt et al, (1989), /. Rheumatol., 16:1295-1303. The Time afier 

amount of IL-lra remaining in the joints at each time point 
is shown in FIG. 2. The intraarticular half lives of IL-lra in 
three different hyalurohan formulations were calculated 
from graphs such as FIG. 2, and are shown in Table 3. 

TABLE 3 



(Hours) 



As shown in Table 3 and FIG. 2, incorporation of IL-lra 
into hyaluronan leads to prolonged retention of IL-Ira in 
knee joints after intraarticular administration. The degree of 
retention can be controlled by the ratio of ciosslinked (gel) 
to non-ciosslinked (fluid) hyaluronan in the formulation. 



Example 3 



IL-lra in CSEP or a formulation of IL-lra (100 mg/ml)/ 
2% H-10™ hylan, as described above, was injected intraar- 
ticularly into the hind kiiees of rabbits (Charles River, 
Portage, Mich.). At various times after injection, the animals 
were sacrificed and the knees lavaged with PBS to recover 
the synovial fluid. The concentration of IL-lra (/(g/ml) in the 
recovered synovial fluid was determined by ELISA 
(Quantikine''", human IL-lra immunoassay, R&D Systems) 
according to the manufacturer's specifications. The data are 
shown id Table 4 and FIG. 3. 



This data shows that the hyaluronan formulation of IL-lra of 
30 prolonged release of intact IL-lra into the synovial fluid 
after intraarticular injection. 

Example 4 

Female Lewis rats (200-250 g, Charles River, Portage, 
Mich.) were immunized on day 0 and day 7 with bovine type 
II collagen (Elaslin Products, Owensville, Mo.). Arthritis 
40 developed starting on days 12-13. The rats (8 animals/ 
group) were injected intraarticularly with either H-10™ 
hylan fluid in CSEP (50/<l/knee; 1 mg hyaluronan total) or 
IL-lra (100 mg'ml)/2% H-IO^" hylan (50 /d/knee; 5 mg 
lL-lra/1 mg hyaluronan) on days 15 and 18 after initial 
immunization. An arthritis control group received no injec- 
tion. On day 20, after initial immunization, the rats were 
sacrificed and the knee joints collected for histologic evalu- 
ation of disease severity. As shown in Table 5 and FIG. 4: (a) 
treatment with IL-lra significantly suppressed cartilage and 
bone damage and bad a modest efifect on synovitis; (b) total 
joint damage was reduced by 70% compared to controls and 
(c) treatment with hyaluronan alone had no beneficial effects 
in comparison to disease controls. 



6294170B1_L> 



us 6,294,170 Bl 

49 



TABLES 



IHra Concentration in Synovial Ruid 
after Intraarticular Injection 

TOTAL BONE JOBSTT 

FORMULATIONS SYNOVITIS PANNUS CARTILAGE DAMAGE TOTAL 



Untreated 3.25 ± 0.14 1.5 ± 0.16 17.69 1 2.27 1.44 ± 0.16 23.88 ± 2.57 

hyaluronan 2.88 ± 0.39 1.44 ± 0.22 16.88 l: 3.14 1.31 ± 0.25 22.5 ± .1.87 

IL-lra 2.06 ± 0.28 0.5 ± 0.18 469 i 1.77 0.19 ± 0.14 . 7.53 ± 2-33 

(100 mg/ml)/ 

hyaluronan 



Example 5 

Female Lewis rats (200-250 g, Charles River, Portage, 
Mich.) were given intradermal injections of 2 mg/ml of 
bovine type II collagen (Elastin Prixhicts, Owensville, Mo.) 20 
in incomplete Freund's Adjuvant (Difco Laboratories, Inc., 
Ann Arbor, Mich.) at the base of the tail and over the back 
in 3 sites (250 fil divided) on day 0 and day 7. On day 12 they 
were given an intraperitoneal injection of 3 mg/kg of cndot- 
oxin (LPS type L-3129, Sigma). Onset of arthritis occurred 
over the next 5 days and as rats developed disease they were 
randomized to study groups (6-8/group) and treatment was 
initiated. The rats were treated for 6 days (subcutaneous 
injections of IL-lra (100 mg/iiiI)/2% H-10™ hylan fluid, as -W 
defined above, in dorsum of the back) and then sacrificed on 
day 7 of arthritis for assessment of paw weights and tissue 
collection. 

Caliper measurements of ankle joint width were done ,j 
prior to onset of arthriti.s, on the day of randomization and 
on each subsequent study day until termination of the study 
on arthritis day 7. The data were then expressed as area 
under the curve for purposes of determining the percent 
inhibition from controls over the duration of the arthritis. At -w 
termination, the tibiotarsal joint was transected at the level 
of the medial and lateral malleolus for determination of final 
paw weights as another measure of inflammation. Ankle 
joints were then collected into formalin fpr histopathologic 
evaluation. 

Histopathology: Ankle joints were collected into 10% 
neutral buffered formalin for at least 24 hours prior to 
placement in a Surgipath decalcifier I (Surgipath, Grayslake, 
111.) for approximately 1 week. When decalcification was 50 
complete, the digits were trimmed and the ankle joint was 
transected in the longitudinal plane to give approximately 
equal halves. These were processed for paraffin embedding, 
sectioned and stained with hematoxylin and eosin for gen- 
eral evaluation of inflammation and bone damage and 
stained with toluidine blue for specific evaluation of carti- 
lage changes according to the following criteria: 
Inflammation 

0=Normal 60 
l=Minimal infiltration of inflammatory ceUs in 
periarticular tissue 
2=Mild infiltration 

3=Moderate infiltration with moderate edema 

4'Marked infihration with marked edema 65 

5-Severe infiltration with severe edema 

Cartilage Damage 



0=Normal 

l=Minimal to mild loss of toluidine blue staining with no 
obvious chondrocyte loss or collagen disruption 

2-Mild loss of toluidine blue staining with focal mild 
(superficial) chondrocyte loss and/or collagen disruption 

3»-Moderate loss of toluidine blue staining with multifocal 
moderate (depth to middle zone) chondrocyte loss and/or 
collagen disruption 

4=Marked loss of toluidine blue staining with multifocal 
marked (depth to deep zone) chondrocyte loss and/or 
collagen disruption 

5=Scvere diffuse loss of toluidine blue staining with multi- 
focal severe (depth to tide mark) chondrocyte loss and/or 
collagen disruption 

Bone Resorption 

O-Normal 

1 -Minimal small areas of resorption, not readily apparent on 

low magnification, rare osteoclasis 
23°Mild has more numerous areas of resorption, not readily 

apparent on low magnification, osteoclasts more numer- 

3=Moderate has obvious resorption of medullary trabecular 
and cortical bone without full thickness defects in cortex, 
loss of some medullary trabeculae, lesion apparent on low 
magnification, osteoclasts more numerous 
4-Marked has fiill thickness defects in cortical bone, often 
with distortion of profile of remaining cortical surface, 
marked loss of medullary, numerous osteoclasts, 
5=Severe has full thickness defects in cortical bone, often 
with distortion of profile of remaining cortical surface, 
marked loss of medullary bone of distal tibia, numerous 
osteoclasts, resorption also present in smaller tarsal bones 
Statistical Analysis: Chnical data for ankle width was 
analyzed by determining the area under the dosing curve 
with subsequent analysis of variance. Paw weights 
(mean±SE) fcir each group were analyzed for difierences 
using the Student's T Tesl. 

In contrast to the lack of elEcacy when single daily 100 
mg/kg doses of IL-lra in CSEP were given, administration 
of single daily (QD) subcutaneous (SQ) doses of IL-lra (100 
mg/ml)/2% H-10™ hylan fluid resulted in 62% inhibition of 
paw swelling over time and 74% inhibition of final paw 
weights (FIGS. 6 and 7). These results clearly demonstrate 
the superior clinical effects of daily dosing of IL-lra (100 
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mg/ml)/2% n-no™ hylan fluid vs. IL-lra in CSEP. In 
addition, histologic analysis of ankle joint sections revealed 
marked decreases in inflammation, pannus formation, and 
cartilage and bone damage in rats treated with IL-lra (10(> 
mg/mI)/2% H-10™ hylan fluid but not IL-lra in CSEP (FIG. 
8). 

After confirming that single daily subcutaneous doses of 
IL-lra (100 mg/mI)/2% H-10™ hylan fluid were able to 
modulate disease progression, studies were done to deter- 
mine the duration of effect. Rats treated with IL-lra (100 
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Example 6 



Expression of rhuIL-Ira Fc fusion proteins in E. coli. 
A. Recombinant Human IL-lra 

The synthetic Ndel-Hindlll IL-lra gene fragment (shown 
below) was enzymatically cleaved from another expression 
vector and ligated to the same sites of expression vector 
pAMG21 (European Patent Application No. 96309363.8). 

Map of Synthetic IL-lra Ndel to Hindlll fragment: 



catatgcgaccgtooggccgtaagagotcoaaaatgcaggctttccgtatctgggacgtt 

HRPS GRKS SKHQAFRIWDV 

aaccagaaaaccttctacc-tgcgcaacaaccagctggttgctggctacctgcagggtccg 

1 + + +^ ;_ + + 

MQKT PYLRBHQLVAGYLQGP 

aaogttaacctggaagaaaaaatcgacgttgtaccgatogaaccgcacgetctgttcctg 



ggtatccacggtggtaaaatgtgcctgagctgcgtgaaatctggtgacgaaactcgtctg 

cagctggaagcagttaacatcactgacctgagcgaaaaccgcaaacaggacnaacgtttc 

QLEAVNITDLSENRKQDKRF 

gcattoatoogetotgaoagcggccogaooacoagcttcgaatctgctgottgcccgggt 
1 + + + + + + 

tggtteotgtgoaotgotatggaagotgaooagccggtaagcctgaccaaoatgocggao 

BBtEII Hindlll 
gaaggcgtgatggtaaccaaattotacttocaggaagacgaataatgggaagctt 



mg/ml)/2% H-10-"" hylan fluid every day had 53% inhibi- 
tion of paw swelling over time and 78% inhibition of final 
paw weights (FIGS. 9 and 10). Arthritic rats treated every 
other day with IL-lra (100 mg/ml)/2% H-10™ hylan fluid 
had 35% inhibition of paw swelling over time and 62% 
inhibition of final paw weights. Arthritic rats treated with 
IL-lra (100 mg/ml)/2% H-10™ hylan fluid every third day 
had 27% inhibition (nonsignificant) of swelling over lime 
and 19% inhibition of paw weights. These results again 
demonstrate the importance of maintaining minimal blood 
levels of at least 200 ng/ml during the period of time in 
which IL-1 is operative in the pathogenesis in the model. 
Blocking the IL-1 receptor intermittently results in less 
efEcacy. Rats treated every third day, were dosed on day 1 
and day 4 of arthritis. Interestingly, caliper measurements 
done 24 hrs. post dosing (day 2 and day 5) indicate sup- 
pression of arthritis progression (FIG. 9). However, mea- 
surements taken 2 or 3 days post dosing prior to rats being 
given their next dose, reflect disease progression, presum- 
ably as a result of the less than optimal blood levels during 
that period of time; 



The resulting plasmid pAMG21 -IL-lra was purified and 
the sequence of IL-lra gene was confirmed by sequencing. 
This plasmid (pAMG21-IL-lra), pAMG21-0PG-Fc and 
pAMG21-Fc-OPG (European Patent Application No. 
96309363.8) were used later for cloning of RHUIL-IRA-FC 
protein. Two rhuIL-lra Fc fusion proteins were constructed 
where the Fc region of human IgGl was fused at either the 
N-terminus ("Fc-rhuIL-lra") or the C-terminus ("rhuIL-lra- 
Fc") of human IHra. The Fc sequence that was chosen for 
fusions is shown below. Eight extra amino acid residues 
AAAEPKSS are present in the N-tetminus of the functional 
Fc region.' 

Map of Fc3A CSS: 
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GCTGCftGCTGAACCAAAATCTTCCGACAflAJiCTCACACATGCeCACCGTGCCCAGCACCT ( SEQ I 

A A ft E P K § E DKTHTC PPCPA.P (SEQ I 

The underlined sequence was added to the Fc region 
GAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAflAACCCAftGGACACCCTCATG 



ATCTCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAG 



GTCAAGTTCAACT(WTACGTe«ACGGCGTG<a«k3SrGCArPAATGCCAAG 

+ + ; + + ^. ^2. 

VKPNWYVDGVEVHMAKTKPR 

GAGGAGCMTACMCAGCACGTACCGTGTGXOTCAGOSTCCTCJWICGTCCTGCftCCAGGAC 

+ + + + + +3, 

EEQYNSTYRVVSVLTVLHQD 

TGGCTCAATGGCAAGGAt?rACMGTGaU«KOTCTCCaACAAAGCCCTCCCAGCCCCCATC 



iKTIS K. AKGQ PRE PQVY.TLP 

i:.;ATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTC 



TATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAG 



YPSDIAVEW 
ACCACGCCTCCCGTGCTGGftCTCCQACGGCTC 



Q E E H 



6 S P P 



DKSRWQ QGHVPSCSVM 
CACAACCACTACACGCSkGMGJlGCOTCTCGCTCAGCOCGGGTAAA 



B. Description of E. coli HosI Strain 

A derivative of £. coli W1485 (a K12 strain) was obtained 
from the E. coli Genetic Stock Center, Yale University, New 
Haven, Conn. (CGSC strain #6159), The strain is 5 
prototrophic, contains no lambda prophage, and has been 
cured of the sex factor, F. 

Subsequently, the CGSC strain #6159 has been altered by 
selecting for spontaneous resistance to four different phages 
isolated from phage outbreaks that occurred while conduct- 5 
ing fermentation research. A first round of phage-resistant 
mutant isolation, conferring resistance simultaneously to 
two of the four phages, was performed. A sample of one of 
the (ihages was diluted and mixed with a cuhure of the 
sensitive strain and incubated as a liquid culture at 37° C. for g 
16-24 hours to select for phage-resistant survivors. Candi- 
dates were isolated from single colonies and tested to 
confirm phage resistance and abihty to grow in minimal 
medium. The mutation obtained in the first round of selec- 
tion exhibits characteristics of a tonA mutation in that the 6 
strain simultaneously acquired resistance to phages i'S and 



Asecond phage resistance selection, conferring re 
to the thini phage, was performed on May 15, 1984. Spon- 
taneous phage-resistant mutants were obtained using a plate 
method. Lawns of sensitive bacteria were spotted with a 
phage suspension and incubated at .^7° C. for two days. 
Survivors were isolated from colonies in the zone of lysis. 
They were tested for growth in minimal medium, normal 
efBciency of plasmid transformation, normal growth rate in 
complex medium, and normal level of product synthesis. 
The mutation conferring resistance to this phage has been 
mapped at the btu locus of £. coli. 

A third round of phage resistance selection was 
performed, using the plate method described above. The 
purified mutant appeared normal by those criteria outlined 
above (growth in minimal and complex media, efficiency of 
transformation and level of product synthesis). 
C. Fc-rhuIL-lra 

The unique Sacll site in the Fc region and the unique Sad 
site in the IL-lra gene were used for cloning. The Sacll-Saci 
fragment was synthesized iLsing standard PCR technology. 
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Templales for PCR reactions were plasmid preparations 
(pAMG21-0PG-Fc and pAMG21-lL-lra) containing the 
target genes. Overlapping oligos were designed to combine 
the C-terminal portion of Fc gene with the N terminal 
portion of the IL-lra gene. This process allows fusing the 
two genes together in the correct reading frame after the 
appropriate PCR reactions have been performed. Initially, 
one "fusion" oligo for each gene, Ohgo #1561-57 for Fc and 
#1561-56 for IL-lra, was put into a PCR reaction with a 
primer 5' to the Sacll in Fc (# 1561-55) or the Sacl site in 
IL- 1 ra (#156 1 -58). At the end of this first PCR reaction, two 
separate products were obtained, with each individual gene 
having the fusion site present. In the second round of PCR, 
the tir.st two PCR products were combined along with the 
two outside primers (# 1561-55 and #1561-58) and the full 
length fusion DNA sequence was produced. 

The final PCR gene products were digested with restric- 
tion endonucleases SacII and Sad, and a three-way ligation 
was conducted with the Clal -SacII Fc fragment with partial 
pAMG21 sequeiice isolated from pAMG21-Fc-OPG and the 
vector Qal-SacI fragment with partial IL-lra sequence 
isolated from pAMG21-IL-lra. The ligation mixture was 
transformed into E. coli host by electroporation utilizing the 
manufacturer's protocol. Clones were screened for the abil- 
ity to produce the recombinant Fc-rhuIL-lra and to possess 
the gene fusion having the correct nucleotide sequence. A 
methionine residue was added to the junction of the Fc 
region and the rhuIL-lra, but it did not interfere with the 
activity of the fusion protein. 

The following primers were used to construct this 
Fc-rhuIL-lra: 
1651-55 

5'-CCA CGA AGA CCC TGA GGT C-3' (SEQ ID NO 7) 
1561-56 

5'-GGG TAA AAT GCG ACC GTC CGG CCG TAA G-3' 

(SEQ ID NO 8) 
1561-57 

5 -GGA CGG TCG CAl' TIT ACC CGG GCT GAG C-3' 

(SEQ ID NO 9) 
1661-58 

5'-CTG GTT GTT GCG CAG GTA G-3' (SEQ ID NO 10) 
The following sequence of the open reading frame of 
complete Fc-rhuIL-lra fusion gene is set forth in FIG. 11. 
D. rhuIL-lra-Fc 

Since the rhuIL-lra-Fc fusion junction is flanked by an 
unique BstEIl restriction site in IL-lra and an PstI site in Fc, 
the BstEII-PstI fragment of about 35 base pairs was chemi- 
cally synthesized instead of PCR synthesis. The upper strand 
(oligo #1561-52) and the lower strand (oligo #1561-53) 
were synthesized in a way to generate the cohesive ends of 
BstEII and PslI after they anneal to each other. A four-way 
ligation was conducted using the annealed BstEII-PstI 
chemically synthesized fragment, the Pstl-BamHI enzyme 
digested Fc fragment from pAMG21-OPG-Fc, the BstEII- 
BstEII enzyme digested IL-lra fragment with partial vector 
pAMG21 sequence from pAMG21-IL-lra and the BstEII- 
BamHl enzyme digested vector pAMG21 fragment. The 
two BstEII sites in IL-lra and pAMG21 do not share the 
same cohesive ends, therefore ligation in the wrong orien- 
tation was not a concern. The ligation mixture was trans- 
formed into E. coli host by electroporation utilizing the 
manufacturer's protocol. Clones were selected, plasmid 
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DNA was isolated, and DNA sequencing was performed to 
verify the DNA sequence of the rhulL-lra-Fc fusion gene. 
The expression of rhuIL-lra-Fc was delected on a Coo- 
massie stained PAGE gel and on a Western blot, 
s The following primers were used to construct this rhuIL- 
Ira-Fc: 
1561-52 

5'-GTA ACC AAA TFC TAC TTC CAG GAA GAC GAA 
GCT GCA-3' (SEQ ID NO 11) 
^° 1561-53 

5'-GCTTCGTCTTCCTGG AAGTAG AATTrG-3' (SEQ 
ID NO 12) 

The following sequence of the open reading frame of 
complete Fc-IL-lra fusion gene is set forth in FIG. 12. 

E. Expression of IL-lra-Fc Fusion Protein and Fc-IL-Ira 
Fusion Proteins in E. coli 

A DNA sequence coding for IL-lra-Fc fusion protein or 
an Fc-IL-lra fiision protein was placed under control of the 
20 luxPR promoter in pAMG21 (U.S. Pat. No. No. 5,169,318 
for description of the lux expression system). 

Cultures of pAMG21-Fc-IL-lra and pAMG21-IL-lra-Fc 
in E. coli host were placed in Terrific broth media (Tartof. 
and Hobbs (1987), Bethesda Res. Lab. Focus, 9:12) con- 
taining 50 //g/ml kanamycin and were incubated at 30° C. to 
an OD6(X) of about 0.8 prioi: to induction. Induction of 
recombinant gene product expression from the luxPR pro- 
moter of vector pAMG21 was achieved following the addi- 
ct, tion of the synthetic autoinduccr N-(3-oxohexanoyl)-DL- 
homoserine lactone to the culture media to a final 
coiiceutralioii of 30 ng/ml and incubation at 37° C. for a 
further 6 hours. After 6 hours, bacterial cultures were 
pelleted by centrifugation. The pelleted cultures were 
-'•"^ resu.spended, lysed by sonication, and soluble and insoluble 
fractions were separated by centrifugation. The whole cell 
lysate, and the soluble and insoluble fractions were analyzed 
hy SDS-palyacrylamide gel electrophoresis and by Western 
blot. The induced cultures at 37° C. have inclusion bodies, 
and over 70% of the product is in the insoluble fraction. 

F. Purification of IL-lra-Fc Fusion Protein 

Cells were broken by high pressure homogenization (2 
passes at 14,000 psi in a microfluidizer (Microfluidics Corp., 

45 Newton, Mass. and the inclusion bodies were harvested by 
centrifugation at 4200 RPM in a J-6B™ centrifuge 
(Beckman Instruments, Inc., Fullerton, Calif.). The inclu- 
sion bodies were solubilized at a 1 to 10 (w/v) in 6M 
guanidine-HCl, 50 mM tris, 7 mM DTT, pH 8.7 for one hour. 
The solubilized inclusion bodies were diluted 20 fold into 
1.5M urea, 40 mM tris, 500 mM arginine, 4 mM cysteine, 1 
mM cystamine dihydrochloride, pH 8.5 and stirred in the 
cold room. After about one day the mixture was concen- 

55 trated about tenfold and buffer exchanged into 20 mM tris, 
100 mM arginine, 800 mM urea, pH 8.5 using a pellicon 
ultrafiltration device in the cold, lliis mixture was adjusted 
to pH 5 with acetic acid and the precipitated material was 
centrifuged away. The supernatant was applied to an 

^ SP-Sepharose™ column (Pharmacia Biotech, Inc., 
Piscataway, NJ. equilibrated in 20 mM sodium acetate, 100 
mM arginine, pH 5 in the cold. After loading the column was 
washed with the same buffer, llie IL-lra Fc was eluted using 

55 a 20 column volume gradient from 0 to 500 mM NaCl in 
equilibration buffer. Peak fractions were pooled after SDS- 
PAGE analysis. To the pool was added sodium phosbate to 
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10 mM and the pH adjusted to 7. Ammonium sulfate was 
then added to 70() mM and the sample was applied to a 
Phenyl Toyopearl cohimn (Toso Haas, Philadelphia, Pa.) 
equilibrated in 10 mM sodium phosphate, 700 mM ammo- 
nium sulfate, pH 7 at room temperature. After loading the 
column was washed with the same bufifer and the Il-lra-Fc 
fusion protein was eluted using a 20 column volume gradi- 
ent from 700 mM to 0 mM ammonium sulfate in 10 mM 
sodium phosphate, pH 7. Peak fractions were pooled after 
SDS-PAGE analysis and the pool was concentrated about 4 
fold and buffer exchanged using a Minisette™ ultrafiltration 
device (Filtron, Northborough, Mass.) into 10 mM sodium 
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phosphate, pH 6.7. This sample was then applied to an SP 
Sepharose HP™ column (Pharmacia Biotech, Inc., 
Piscataway, N.J. equilibrated in 10 mM sodium phosphate, 
J pH 6.7 in the cold After loading and washing the column, 
the IL-lra-Fc was eluted using a 20 column volume gradient 
from 0 to 150 mM NaCl in equilibration buffer. The peak 
was pooled and filtered. 

While the present invention has been described above 
both generally and in terms of preferred embodiments, it is 
understood that other variations and modifications will occur 
to those skilled in the art in light of the description above. 



SEQUEDCE LISTING 



<210> SEQ ID NO 1 

<211> LEHGTH: 462 

<212> TYPE: DNA 

<213> OHGMIISM: Human 

<220> FEATURE: 

<221> NAH£/KE¥: CDS 

<222> LOCATION: (l)..(4e2) 

<223> OTHER INFORMATION: Initial methionine is optional 



t Arg Pro Ser Gly Arg Lys 



Lys Arg Phe Ala 



e Tyr Phe Gin Glu 



<210> SEQ ID MO 2 
<211> LEHGTH: 153 
<212> TYPE! PRT 
<213> ORGANISM: Human 
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-continued 



<400> 

Met Arg Pro Ser Gly Acg Lys Ser Ser Lys Met Gin Ala Phe Arg lie 

15 10 15 

Ala Gly Tyr Leu Gin Gly Pro Asn Val Asn Leu Glu Glu Lys He Asp 

Val Val Fro He Glu Pro His Ala Leu Phe Leu Gly He HIe Gly Gly 
50 55 60 

Lys Met Cys Leu Ser Cys Val Lys Ser Gly Asp Glu Thr Arg Leu Gin 
65 70 75 80 

Leu Glu Ala Val Asn He Thr Asp Leu Ser Glu Asn Arg Lys Gin Asp 
85 90 95 

Lys Arg Phe Ala Phe He Arg Ser Asp Ser Gly Pro Thr Thr Ser Phe 

Glu Ser Ala Ala Cys Pro Gly Trp Phe Leu Cys Thr Ala Met Glu Ala 
115 120 125 

Asp Gin Pro Val Ser Leu Thr Asn Net Fro Asp Glu Gly Val Met Val 
130 135 140 

Thr Lys Phe Tyr Phe Gin Glu Asp Glu 



<210> SEQ ID MO 3 

<211> LBKGTH: 475 

<212> TYPE: DHA 

<213> ORGANISM I Human 

<220> FEATURE: 

<221> HAHE/KEY: CDS 

<222> LOCATION! (4). .(465) 



<400> 



Val Ala Gly Tyr Leu Gin Gly Pro Asn Val Asn Leu Glu Glu Lys He 



t gac ctg age gaa 



D Phe Lsu Cys 
= atg cog gac 
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<211> LENGTH: 153 
<212> TYPE: PRT 
<213=. ORGftUISB! Human 

<400> SEQUEMCE: 4 

Met flrg Pro Ser Gly Arg Lys Ser Ser Lys Met Gin Ala Phe Arg lie 
1 5 10 15 

Trp Asp Val Asn Gin Lys Thr Phe Tyr Leu Arg Asn Asn Gin Leu Val 

Ala Gly Tyr Leu Gin Gly Pro Asn Val Asn Leu Glu Glu Lys He Asp 
35 40 45 

Val Val Pro He Glu Pro His Ala Leu Phe Leu Gly He His Gly Gly 
50 55 60 

Lys Bet Cys Leu Ser Cys Val Lys Ser Gly Asp Glu Thr Arg Leu Gin 
65 70 75 60 

Leu Glu Ala Val Asn He Thr Asp Leu Ser Glu Asn Arg Lye Gin Asp 

Lys Arg Phe Ala Phe He Arg Ser Asp Ser Gly Pro Thr Thr Ser Phe 

Glu Ser Ala Ala Cys Pro Gly Trp Phe Leu Cys Thr Ala Met Glu Ala 
115 120 125 

Asp Gin Pro Val Ser Leu Thr Asn Met Pro Asp Glu Gly Val Met Val 
130 135 140 

Thr Lys Phe Tyr Phe Gin Glu Asp Glu 
145 150 



<212> TYPE: DNA 
<213> ORGANISM: Human 
<220> FEATURE: 



<222> L 
<400=. SEQUENCES 5 
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n Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly S 



<:212> MPE! PRT 



<400> SEQUENCE: 6 

Ala Ala Ala Glu Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro Pro 

15 10 15 

Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro 

20 25 30 

Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr Pro Glu Val Thr 

Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn 

50 55 60 

Trp lyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg 

65 70 75 80 

Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val 

85 90 95 

Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser 

100 105 110 

Asn Lys Ala Leu Pro Ala Pro He Glu Lys Thr He Ser Lys Ala Lys 

Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp 

Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe 

145 150 155 160 

Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser Asn Gly Glr Pro Glu 

165 170 175 

180 185 ^ ^ 190 

Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly 
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-continued 



Asn Val Fhe Ser cys Ser Val Met His Glu Ala Leu nla Asn His Tyr 
210 215 220 

Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys. 



<210> SEQ ID N 
<211=. LEMGTH: 
•:212> TYPE: DN 
<213> 0 



<400> SEQUEBCE: 7 
ocacgaagac cotgaggtc 

<210> SEQ ID NO 8 
<211> LENGTH: 28 
<212> TYPE: DNA 
<213> ORGANISM: Human 

<400> SEQUENCE: 8 

gggtaaaatg ogaccgtcicg gccgtaag 

<:210> SEQ ID MO 9 



<400> 

ggacggtcgc attttacccg ggctgagc 



=210> SEQ I 



<213> ORGANISM: 



ctggttgttg cgcaggtag 
<210> SEQ ID HO 11 



> SEQUENCE: 11 

ccaaat tctacttcca ggaagacgaa g 



30> SEQUENCE: 12 

btcgtott cctggaagta gaatttg 
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-continued 



Leu Leu Gly Gly Pro S 



c Arg Thr Pro Glu Vai 



J tac gtg gac ggc g 



Arg Glu Glu Gin Tyr A 



n Gly Lys Glu Tyr Lys Cys Lys Val 



o Arg 6Iu Pro Sin Val Tyr Thr Leu P 



o aag aac oag gto age otg a 



n Lys Ser Leu Ser Leu Eer Pro Gly Lys H 



r Lys Met Gin Ala Phe 



C! tgg gao gtt aac 



Gin Lys Thr Phe Tyr Leu Arg Asn Aen Gin Leu V 



u Glu Lys lie Asp Val Val Pro He 



11 Gly He His Gly Gly Lys H 



atg tgc c-tg 



g aaa tet ggt gac gaa a 



: egt ctg cag etg gaa goa gtt 
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<2i3> OHGAmSH; Human 
<400> SEQUENCE! 14 

Met Ala Ala Ala Glu Pro Lys Ser Ser Asp Lys Thr His Thr Cys Pro 
IS 10 15 

Pro cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe 
20 25 30 

Pro Pro Lys Pro Lys Asp Thr Leu Met He Ser Arg Thr Pro Glu Val 
35 40 45 

Thr Cye Vol Val Val Asp Val Ser His Glu Asp Pro Glu val Lys Phe 

50 55 eo 

Aon Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro 
65 70 75 80 

Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Lou Thr 
85 ■ 90 95 

Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val 
100 105 110 

Ser Asn Lys Ala Leu Pro Ala Pro He Glu Lys Thr He Ser Lys Ala 

115 120 125 

Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg 

Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly 
145 150 155 160 

Phe Tyr Pro Ser Asp He Ala Val Glu Trp Glu Ser Asn Gly Gin Pro 
165 170 175 

Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser 
180 185 190 

Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin 
195 200 205 

Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Lau His Asn His 

210 215 220 

Tyr Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys Met Arg Pro Ser 
225 230 235 240 

Gly Arg Lys Ser Ser Lys Met Gin Ala Phe Arg He Trp Asp Val Asn 
245 ■ 250 255 

Gin Lys Thr Phe Tyr Leu Arg Asn Asn Gin Leu Val Ala Gly Tyr Leu 

260 265 270 
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-continued 

Gin I31y Pro Asn Val Asn Leu Glu Glu Lys lie Asp Val Vol Pro lie 
275 280 285 

Glu Pro Hie Ala Leu Phe Leu Gly lie His Gly Gly Lys Met Cys Leu 
290 295 300 

Ser Cys Val Lye Ser Gly Asp Glu Thr Arg Leu Gin Leu Glu Ala Val 
305 310 315 320 

Asn Tie Thr Asp Leu Ser Glu Asn Arg Lys Gin Asp Lys Arg Phe Ala 
325 330 335 

Phe lie Arg Ser Asp Ser Gly Pro Thr Thr Ser Phe Glu Ser Ala Ala 
340 345 350 

Cys Pro Gly Trp Phe Leu Cys Thr Ala Met Glu Ala Asp Gin Pro Val 



Pro Asp Glu Gly Val Met Val Thr Lys Phe Tyr 
375 380 



<400> SEQUENCE: 15 
atg cga ccg t 



atg tgc ctg age tgc 



Lys Arg Phe Ala Phe lie Arg S 



c Leu Thr Asn M 



o gaa got goa get gaa 
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-continued 



e Pro Pro Lys Pro Lys Asp Ihr I 



s Leu Tyr Ser Lys Leu Thr 
350 

3 gtc tto tea tgo too gtg 



Met Arg Pro Ser Gly Arg Lys Ser Ser Lys Met Gin Ala Phe Arg lie 

1 5 10 15 

Ala Gly Tyr Leu Gin Gly Pro Asn Val Asn Leu Glu Glu Lys He Asp 
35 40 45 

Val Val Pro He Glu Pro His Ala Leu Phe Leu Gly He His Gly Gly 
Lys Met Cys Leu Ser Cys Val Lye Ser Gly Asp Glu Thr Arg Leu Gin 
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-continued 

Leu Glu Ala Val Asn lie Thr Aep Leu Ser Glu Aen Arg Lys Gin Asp 
85 90 95 

Lys Arg Phe Ala Phe lie Arg Ser Asp Ser Gly Pro Thr Thr Ser Phe 
100 105 110 

Glu Ser Ala Ala Cys Pro Gly Trp Phe Leu Cys Thr Ala Met Glu Ala 

Asp Gin Pro val Ser Leu Thr Asn Met Pro Asp Glu Gly Val Met Val 
130 135 140 

Thr Lys Phe Tyr Phe Gin Glu Asp Glu Ala Ala Ala Glu Pro Lys Ser 
145 150 155 160 

Ser Asp Lys Thr His Thr Cys Pro Pro Cys Fro Ala Pro Glu Leu Leu 
165 170 175 

Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu 
180 185 190 

Met lie Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser 
195 200 205 

His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu 
210 215 220 

Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr 
225 230 235 240 

Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu Asn 
245 250 255 

Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro 
260 265 270 

lie Glu Lys Thr He Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin 
275 280 285 

Vol Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Tbr Lys Asn Gin Val 
290 295 300 

Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp He Ala Val 
305 310 315 320 

Glu Trp Glu Ser Asn Gly Gin Fro Glu Asn Asn Tyr Lys Thr Thr Pro 
325 330 335 

Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr 
340 345 350 

Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val 
355 360 365 

Met His Glu Ala Leu His Asn His Tyr Thr Sin Lys Ser Leu Ser Leu 
370 375 380 

Ser Pro Gly Lys 



What is claimed is: 

1. A fusion protein comprising an interleukin-l receptor 55 
antagonist (IL-lra) which comprises: 

(a) the amino acid sequence of SEQ ID NO: 2, or 

(b) an IL-1 inhibitory fragment of the amino acid 
sequence of SEQ ID N0:2 in which 1 to 30 amino acids 
are deleted from the N-terminus or C-terminus, or eo 

(c) an lL-1 inhibitory sequence which is at least 70% 
homologous to the amino acid sequence of SEQ ID 
NO: 2; 

with a constant domain of a heavy or light chain of human 
immunoglobulin at the amino-terminus of said IL-lra. 65 

2. The fusion protein according to claim 1, wherein said 
IL-lra is non-glycosylated. 



3. The fusion protein according to claim 2, wherein said 
IL-lra is methionyl IL-lra. 

4. The fusion protein according to claim 1, wherein said 
IL-lra is glycosylated. 

5. The fusion protein according to claim 1, wherein said 
human immunoglobulin is the constant domain of a heavy 

6. The fusion protein according to claim 5, wherein said 
heavy chain is IgGl. 

7. The fusion protein according to claim 1, wherein said 
constant domain comprises all domains except the lirst 
domain of the constant region of such heavy chain of human 
immunoglobulin. 
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8. The fusion protein according to claim 7, wherein said 
heavy chain is selected from the group consisting of IgG, 
IgA, IgM or IgE. 

9. The fusion protein according to claim 8, wherein said 
IgG is IgOl or IgG3. • 

10. The fusion protein according to claim 1, wherein said 
human immunoglobulin is the constant domain of a heavy 
chain. 

11. TTie fusion protein according to claim 10, wherein said j 
heavy chain is IgGl. 

12. The fusion protein according to claim 1, wherein said 
constant domain comprises all domains except the first 
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domain of the constant region of such heavy chain of human 
immunoglobulin. 

13. The fusion protein according to claim 12, wherein said 
heavy chain is selected from the group consisting of IgG, 
IgA, IgM or IgE. 

14. The fusion protein according lo claim 13, wherein said 
IgG is IgGl or lgG3. 

15. Apharmaceutical composition comprising an effective 
amount of a fusion protein according to any one of claims 1 
and 2-14 and a pharmaceutically acceptable carrier. 



UNITED STATES PATENT AND TRADEMARK OFHCE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6,294,170 81 Page i of 1 

DATED : September 25, 2001 

INVENTOR(S) ; Boone etal. 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
fiereby corrected as sliown below: 



Column 4. 

Line 37, change "Theological" to ~ rheological -. 

Column 16. 

Line 54, insert ~ a — before "amino". 
Column 36. 

Line 32, change "diflynisal" to ~ diflunisal -. 
Column 5 1 . 

Line 1 , change "H-1 10™" to -- H- 10™ -. 



Signed and Sealed this 
Twenty-sixth Day of March, 2002 




JAMES E.ROGAN 

Attesting Officer Director of the United States Patent and Trademari- Office 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 6.294,170 Bl Page 1 of 1 

DATED : September 25, 2001 

INVENTOR(S) : Boone etal. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Title 

Item [60], Related Application Data, insert after "August 8, 1997" the following ~ and 
PCT i^lication FCT/US 97/02131, filed February 10, 1997, each of which, in its 
entirety, is hereby incorporated by reference. ~ 

Column 75. 
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